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ABSTRACT 
EFSA was asked to deliver a scientific opinion on brominated flame retardants (BFRs) other than PBDEs, 
PBBs, HBCDDs, TBBPA and brominated phenols and their derivatives. The BFRs that are the subject of the 
current opinion, were classified in groups termed „emerging‟ and „novel‟ BFRs. Information on 17 emerging 
and  10  novel  BFRs  was  collected.  The  information  varied  widely  for  these  BFRs.  There  is  a  lack  of 
experimental  data  on  physico-chemical  characteristics,  stability/reactivity  and  current  use  and  production 
volume of all the emerging and novel BFRs. Due to the very limited information on occurrence, exposure and 
toxicity, the CONTAM Panel could not perform a risk characterisation for any of the BFRs considered. Instead, 
an attempt was made to identify those BFRs that could be a potential health concern and should be considered 
first  for future investigations. For this purpose the Panel first evaluated the available experimental data on 
occurrence in food, behaviour in the environment and toxicity. Secondly, a modelling exercise was performed 
focussing on the potential of the emerging and novel BFRs for persistence in the environment and for their 
possible  bioaccumulation  potential.  There  is  convincing  evidence  that  tris(2,3-dibromopropyl)  phosphate 
(TDBPP)  and  dibromoneopentyl  glycol  (DBNPG)  are  genotoxic  and  carcinogenic,  warranting  further 
surveillance of their occurrence in the environment and in food. Based on the limited experimental data on 
environmental behaviour, 1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE) and hexabromobenzene (HBB) were 
identified  as  compounds  that  could  raise  a  concern  for  bioaccumulation.  For  the  modelling  exercise,  the 
CONTAM  Panel  selected  two  environmental  characteristics,  overall  persistence  and  potential  for 
bioaccumulation, as being most relevant to provide insight into the possibility that emerging or novel BFRs 
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CONTAM Panel, or the conclusions or recommendations. 
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might accumulate in the food chain, and thus might appear in food intended for human consumption. The 
modelling exercise identified ten additional BFRs that should be subjected to further in-depth studies. 
© European Food Safety Authority, 2012 
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SUMMARY 
Following a request from the European Commission, the EFSA Panel on Contaminants in the Food 
Chain (CONTAM Panel) was asked to deliver a scientific opinion on the risks to human health related 
to the presence of brominated flame retardants (BFRs) other than polybrominated diphenyl ethers 
(PBDEs),  polybrominated  biphenyls  (PBBs),  (hexabromocyclododecanes)  HBCDDs, 
(tetrabromobisphenol A) TBBPA and brominated phenols and their derivatives, including emerging 
BFRs in food. 
The less well known and less studied BFRs, subject of the current opinion, were grouped into two 
classes, referred to herein as „emerging‟ and „novel‟ BFRs. Emerging BFRs are defined as chemicals 
which  are  applied  as  flame  retardants  and  that  have  been  identified  in  any  environmental 
compartment, in wildlife, in food or in humans. It should be noted that the definition for the emerging 
BFRs,  used  in  this  opinion,  does  not imply  that there is  evidence for  an increasing  trend  in  the 
concentration of these BFRs in the environment, in food or in human samples. Novel BFRs are 
defined as chemicals applied as flame retardants, with confirmed presence in materials and/or goods 
in concentrations above 0.1 %, but not identified in environmental samples, wildlife, food or humans. 
In total, information on 27 BFRs, of which 17 were identified as „emerging‟ and 10 as „novel‟, was 
collected by the CONTAM Panel, and it was noted that the available information varied widely for 
the various individual BFRs.  
In  general,  there  is  a  lack  of  experimental  data  on  physico-chemical  characteristics  and 
stability/reactivity  for  all  the  emerging  and  novel  BFRs.  This  sometimes  hampered  a  clear 
identification of the compound. There is also a lack of solid  information on the current use and 
production volume of all of the emerging and novel BFRs. Regarding the chemical identification in 
food or environmental samples it was noted that there are no specific analytical methods for many of 
the emerging and novel BFRs. However, several of them are chemically similar to established BFRs, 
indicating that analytical methods applied for these BFRs could be used for their detection.  
A call for data on the occurrence of BFRs, including emerging BFRs, in food was issued by EFSA in 
December 2009. Two countries, Ireland and the UK, submitted data on 3 emerging BFRs, i.e. 1,2-
bis(2,4,6-tribromophenoxy)ethane  (BTBPE),  decabromodiphenyl  ethane  (DBDPE)  and 
hexabromobenzene (HBB), covering the years 2006-2008. For BTBPE, only 11 % of the analytical 
results were reported as >LOQ. The maximum UB concentration was observed in the food category 
“Animal and vegetable fats and oils” (0.8 ng/g w.w.), followed by “Milk and dairy products” (0.37 
ng/g  w.w.)  and  “Fish  and  other  seafood”  (0.34  ng/g  w.w.).  For  DBDPE  and  HBB,  all  reported 
analytical values were <LOQ. The CONTAM Panel concluded that based on these data a meaningful 
exposure assessment was not possible. 
There was a lack of published data on occurrence of the emerging and novel BFRs in food, and where 
there were data, these were far from sufficient to allow for a meaningful exposure assessment. Also 
information on the toxicity of the various BFRs considered in this opinion was in general scarce. For 
most of the 12 BFRs (six emerging and six novel BFRs) no toxicity data could be identified at all. For 
the  remaining  compounds  the  available  information  was  not  sufficient  to  perform  a  hazard 
characterisation. Exceptions were the emerging BFR tris(2,3-dibromopropyl) phosphate (TDBPP) and 
the novel BFR 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) for which more extensive toxicity 
data  are  available.  For  both  compounds,  there  is  convincing  evidence  for  genotoxicity  and 
carcinogenicity in experimental models.   
Due to the very limited available information, on occurrence, exposure and with respect to their 
toxicological  hazards,  the  CONTAM  Panel  concluded  that  it  was  not  possible  to  perform  a  risk 
characterisation for any of the emerging or novel BFRs considered in this opinion. Therefore, the 
Panel made an attempt to identify those emerging or novel BFRs that could be a potential health 
concern and should be considered first for future investigations. For this purpose the Panel followed a 
two-step  approach.  Firstly,  it  evaluated  the  available  experimental  data  on  occurrence  in  food, Emerging and Novel BFRs in Food 
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behaviour in the environment and toxicity. Secondly, a modelling exercise was performed focussing 
on the potential of the emerging and novel BFRs for persistence in the environment and for their 
possible bioaccumulation potential.  
From the toxicological information it is evident that two BFRs, tris(2,3-dibromopropyl) phosphate 
(TDBPP)  and  dibromoneopentyl  glycol  (DBNPG),  are  genotoxic  and  carcinogenic,  and  therefore 
could  be  a  potential  health  concern.  However,  due  to  their  chemical  reactivity  and  lack  of 
environmental  persistence,  their  occurrence  in  food  is  not  anticipated.  The  limited  data  that  are 
available support this assumption. Also in the modelling exercise neither of these two compounds 
were predicted to have a high overall persistence or the potential for bioaccumulation. Nonetheless, 
their  evident  genotoxicity  and  carcinogenicity  warrants  further  surveillance  of  their  possible 
occurrence in the environment and food. 
Based  on  the  limited  experimental  data  on  the  environmental  behaviour  available,  1,2-bis(2,4,6-
tribromophenoxy)ethane (BTBPE) and hexabromobenzene (HBB) were identified as compounds that 
could raise a concern due to their reported bioaccumulation factors (BAFs). The log BAFs, ranging 
from about 3.3 to 6.1 for BTBPE, and from 3.3 to 5.5 for HBB, for several aquatic species, indicate a 
very high bioaccumulation of these compounds.  
For the modelling exercise, the CONTAM Panel selected two environmental characteristics, overall 
persistence (Pov) and the potential for bioaccumulation, as the ones most relevant to provide insight in 
the possibility that emerging or novel BFRs might accumulate in the food chain, and thus might 
appear in food intended for human consumption. The modelling exercise  predicted the following 
BFRs  to  have  both  a  high  overall  persistence  (Pov  >500  days)  and  a  high  potential  for 
bioaccumulation:  1,2-bis(2,4,6-tribromophenoxy)ethane  (BTBPE),  5,6-dibromo-1,10,11,12,13,13-
hexachloro-11-tricyclo[8.2.1.02,9]tridecene  (DBHCTD),  N,N'-ethylenebis(tetrabromophthalimide) 
(EBTEBPI), hexabromobenzene (HBB), hexabromocyclodecane (HBCYD), 1,2,3,4,7,7-hexachloro-5-
(2,3,4,5-tetrabromophenyl)-bicyclo[2.2.1]hept-2-ene  (HCTBPH),  PBT,  pentabromobenzyl  acrylate 
(PBB-Acr),  pentabromoethylbenzene  (PBEB)  and  1,2,4,5-tetrabromo-3,6-dimethylbenzene  (TBX). 
These BFRs are thus most relevant to be addressed in further investigations. All of these compounds, 
with the exception of EBTEBPI and HBCYD, have been identified in the environment or in food, and 
hence are listed as emerging BFRs.  
The CONTAM Panel noted, however, that the results of the modelling exercise should be interpreted 
with  some  caution. The modelled  environmental  characteristics  are  solely  based  on  the  chemical 
properties of the compounds, and the bioaccumulation screening tool that was used does not yet take 
biotransformation into account. On the other hand, in a model validation exercise, good agreement 
was found between predicted and measured concentrations of polychlorinated biphenyls for cows‟ 
milk,  beef,  herring,  cod,  and  human  tissue  in  southern  Sweden.  Also  several  of  the  compounds 
predicted to have a high persistence have also been reported to have this property. 
Assessing  the  outcome  of  the  modelling  exercise,  a  number  of  comments  can  be  made. 
Tris(tribromoneopentyl) phosphate (TTBNPP) was predicted as likely to have a high persistence, but 
this  compound  is  likely  to  rapidly  undergo  metabolic  breakdown  in  vivo,  and  thus  not  be  
bioaccumulative. When it comes to bioaccumulation, the modelling exercise indicated that 11 of the 
BFRs with a predicted high persistence would also have a high potential for bioaccumulation. Among 
those with a predicted high persistence that were not indicated as bioaccumulative it should be noted 
that decabromodiphenyl ethane (DBDPE) and octabromotrimethylphenyl indane (OBTMPI) are likely 
to be bioaccumulative, because their molecular mass is not high enough to prevent bioavailability. It 
can  also  be  speculated  that  tetradecabromo-1,4-diphenoxybenzene  (4‟-PeBPO-BDE208),  with  a 
molecular  weight  of  1 366 Dalton,  is  poorly  bioavailable,  and  therefore  not  potentially 
bioaccumulative.  
Although  the  modelling,  as  used  in  this  opinion  to  estimate  the  environmental  characteristics  of 
emerging  and  novel  BFRs,  could  be  further  improved,  particularly  related  to  inclusion  of Emerging and Novel BFRs in Food 
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biotransformation  in  the  bioaccumulation screening tool,  the  CONTAM  Panel  concluded that the 
modelling presents overall reasonable results, and that the BFRs predicted as being both persistent and 
bioaccumulative should be subjected to further in-depth studies.   
The CONTAM Panel made a number of specific recommendations to address the substantial data 
gaps identified. Emerging and Novel BFRs in Food 
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION 
Brominated flame retardants (BFRs) are anthropogenic chemicals that are added to a wide variety of 
consumer/commercial products in order to improve their fire resistance. There are 5 major classes of 
BFRs: brominated bisphenols, diphenyl ethers, cyclododecanes, phenols and phthalic acid derivatives. 
Concern has been raised because of the occurrence of several chemical compounds from the group of 
BFRs in the environment, including feed and food, and in human biota. This has led to bans on the 
production and use of certain formulations of polybrominated diphenyl ethers (PBDEs). 
EFSA  concluded  in  its  advice  on  a  request  from  the  Commission  related  to  relevant  chemical 
compounds  in  the  group  of  brominated  flame  retardants  for  monitoring  in  feed  and  food  of 
24 February 2004 that the available occurrence data on brominated flame retardants in feed and food 
did not allow a comprehensive assessment of contamination in all feeds and foods and identified the 
following compounds as the most important ones to be monitored based on the analytical feasibility to 
measure the chemical compounds routinely in accredited laboratories, the production volumes, the 
occurrence of the chemical compounds in food and feed, their persistence in the environment and their 
toxicity: 
-  polybrominated diphenyl ethers (PBDEs): BDE congeners #28, 47, 99, 100, 153, 154, 183 and 
209.  
-  hexabromocyclododecane  (HBCD):  total  amount  (isomer  specific  analysis  of  a  limited 
number of samples and/or pools in case of significantly elevated levels or increasing trends). 
-  polybrominated biphenyls (PBBs): BB congener #153. 
Optionally, the following brominated flame retardants were recommended to be monitored: 
-  TBBP-A and other phenols 
-  decabromodiphenyl ethane 
-  hexabromobenzene 
-  bis(2,4,6-tribromophenoxy)ethane 
Subsequently EU-wide monitoring of these compounds was organised as of October 2006. Monitoring 
results will be made available to EFSA. 
In order to assess the need for regulatory measures as regards BFR in food, EFSA is requested to 
assess the risks related to the presence of BFR in food. 
TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION 
In accordance with Art 29 (1) of Regulation (EC) No 178/2002, the European Commission asks the 
European Food Safety Authority for a scientific opinion on the risks to human health related to the 
presence of brominated flame retardants (BFRs) other than PBDEs, PBBs, HBCD, TBBP-A, including 
emerging BFRs in food. 
In particular, the opinion should 
-  evaluate the toxicity of BFRs other than PBDEs, PBBs, HBCD, TBBP-A, including emerging 
BFRs for humans considering all relevant toxicological information available; Emerging and Novel BFRs in Food 
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-  carry  out  an  exposure  assessment  on  the  basis  of  the  occurrence  data  obtained  in  the 
monitoring exercise and other occurrence data that may be available; 
-  consider the exposure situation for specific groups of the population (e.g. infants and children, 
people following specific diets, etc.) and indicate the relative importance from other non-
dietary sources;  
-  take into account, if available, biomonitoring data when assessing the exposure and compare 
the results with the calculated exposure; 
-  explore whether individual compounds can be used as markers for dietary exposure to these 
BFRs; 
-  identify potential data gaps for these BFRs; 
-  identify priority research topics for the emerging BFRs. 
CLARIFICATION OF THE TERMS OF REFERENCE 
In the terms of reference as provided by the European Commission (see above), EFSA was requested 
to  address  the  risk  to  human  health  related  to  the  presence  of  BFRs  other  than  PBDEs,  PBBs, 
HBCDDs,  TBBPA  including  emerging  BFRs.  In  this  list  other  brominated  phenols,  such  as 
2,4,6-tribromophenol  and  tetrabromobisphenol  S,  are  not  mentioned.  As  these  compounds  were 
addressed in a previous opinion by the CONTAM Panel,
5 they were therefore not considered in the 
present opinion.   
 
 
 
                                                       
5  EFSA Panel on Contaminants in the Food Chain (CONTAM); Scientific Opinion on Brominated Flame Retardants (BFRs) 
in Food: Brominated Phenols and their Derivatives. EFSA Journal 2012;10(4):2634. [42 pp.] doi:10.2903/j.efsa.2012.2634. 
Available online: www.efsa.europa.eu/efsajournal  Emerging and Novel BFRs in Food 
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ASSESSMENT 
 
1.  Introduction 
1.1.  General information 
Flame retardants include a broad and diverse group of compounds used to prevent fires or at least to 
slow down the development of a fire. There are three main categories of chemical flame retardants: 
halogenated  hydrocarbons,  organophosphorus  compounds  and  inorganic  products  often  based  on 
metallic  hydroxides  (Vos  et  al.,  2003).  Within  the  halogenated  hydrocarbons,  the  group  of  the 
brominated flame retardants (BFRs) consists of different chemicals with a variety of physico-chemical 
properties  and  uses.  The  main  BFRs  are  the  polybrominated  (i)  neutral  aromatic,  (ii)  neutral 
cycloaliphatic, (iii) phenolic, including neutral derivatives, (iv) aromatic carboxylic acid esters and 
(v) trisalkyl phosphate compounds (WHO/IPCS, 1997; Andersson et al., 2006; Harju et al., 2009; de 
Wit et al., 2011). The major BFRs within these five classes are, respectively polybrominated diphenyl 
ethers (PBDEs), hexabromocyclododecanes (HBCDDs
6), tetrabromobisphenol A (TBBPA) and 2,4,6-
tribromophenol  (TBP),  bis(2-ethylhexyl) tetrabromophthalate ( BEH-TEBP)  and  tris[3-bromo-2,2-
bis(bromomethyl)propyl] phosphate (TTBNPP).   
Previous  European Food Safety Authority ( EFSA)  opinions have  considered  „Established  BFRs‟ 
(PBBs, PBDEs, HBCDDs, TBBPA and polybromophenols (tribromophenol and pentabromophenol), 
while the present opinion will focus on the less well known and studied BFRs, referred to herein as the 
„emerging‟ and „novel‟ BFRs. Emerging BFRs are defined as chemicals which are applied as flame 
retardants that have been identified as anthropogenic chemicals in any environmental compartment, in 
wildlife, in food or in humans. The use of the word „emerging‟ in this definition does not imply that 
there is evidence for an increasing trend in the concentration of these BFRs in the environment, in 
food or in human samples. Novel BFRs are defined as chemicals applied as flame retardants, and with 
confirmed presence in materials and/or goods in concentrations above 0.1 %. These two groups of 
BFRs, comprising respectively 17 and 10 individual compounds, are presented in Section 4 and 5, 
below. Several of these less well-studied BFRs were pointed out in the San Antonio Statement, which 
raises  concerns  about  the  persistence,  bioaccumulation,  long-range  transport  and  toxicity  of 
brominated  (and  chlorinated)  flame  retardants.  In  addition,  it  requests,  among  others,  actions  to 
prevent emission of these compounds into the environment (DiGangi et al., 2010). 
The BFRs discussed herein are all abbreviated according to the recent publication of Bergman et al. 
(2012), who presented a harmonised set of abbreviations. The BFRs are listed in alphabetical order of 
their abbreviation in Table 1, together with the name of the compound from which the abbreviation is 
in general derived. 
Three reactive BFRs, pentabromobenzyl bromide (PBBB), pentabromobenzyl chloride (PBBC) and 
tetrabromophthalic  acid  anhydride  (TEBP-Anh)  rapidly  undergo  hydrolysis,  making  them  non-
bioaccumulative and very unlikely to be found in the environment and/or in food. Benzyl bromide has 
a hydrolysis half-life of 24  min (Schwarzenbach et  al., 2003), and phthalic acid anhydride has a 
measured hydrolysis half-life of 30-60 seconds (Andres et al., 2001). The hydrolysis rates for PBBB, 
PBBC and TEBP-Anh are expected to be even shorter than those given above due to the electron 
withdrawing properties of the bromine substituent‟s in the aromatic ring. Accordingly, PBBB, PBBC 
and TEBP-Anh are not included among the BFRs presented in this opinion, but shortly presented in 
Appendix A. 
                                                       
6 HBCDDs is used as the abbreviation for hexabromocyclododecanes (1,2,5,6,9,10-hexabromocyclododecane, CAS No 3194-
55-6) instead of HBCD in this document, to avoid misunderstandings. HBCD is occasionally used as an abbreviation of 
hexabromocyclodecane (CAS No 25495-98-1). Emerging and Novel BFRs in Food 
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Table 1:   Abbreviations applied for the BFRs discussed in the present opinion (listed in alphabetical order under Emerging and Novel BFRs, respectively) 
together with the full chemical names on which the abbreviations are based (Bergman et al., 2012). The ECHA registration status is indicated.
(a) 
Abbreviation  Name  CAS number  ECHA registration 
status
(a)  Section 
EMERGING BFRs         
BEH-TEBP  Bis(2-ethylhexyl) tetrabromophthalate  26040-51-7  Pre-registered  4.1 
BTBPE  1,2-Bis(2,4,6-tribromophenoxy)ethane  37853-59-1  Pre-registered  4.2 
DBDPE  Decabromodiphenyl ethane  84852-53-9  Registered  4.3 
DBE-DBCH  4-(1,2-Dibromoethyl)-1,2-dibromocyclohexane  3322-93-8  Pre-registered  4.4 
DBHCTD  5,6-Dibromo-1,10,11,12,13,13-hexachloro-11-tricyclo[8.2.1.02,9]tridecene  51936-55-1  Pre-registered  4.5 
EH-TBB  2-Ethylhexyl 2,3,4,5-tetrabromobenzoate  183658-27-7  Not (pre-)registered  4.6 
HBB  1,2,3,4,5,6-Hexabromobenzene  87-82-1  Pre-registered  4.7 
HCTBPH  1,2,3,4,7,7-Hexachloro-5-(2,3,4,5-tetra-bromophenyl)- bicyclo[2.2.1]hept-2-ene  34571-16-9  Pre-registered  4.8 
OBTMPI  Octabromotrimethylphenyl indane 
1084889-51-9  
1025956-65-3  
893843-07-7 
155613-93-7 
Not (pre-)registered 
Not (pre-)registered 
Not (pre-)registered 
Pre-registered 
4.9 
PBB-Acr  Pentabromobenzyl acrylate  59447-55-1  Pre-registered  4.10 
PBEB  Pentabromoethylbenzene  85-22-3  Pre-registered  4.11 
PBT  Pentabromotoluene  87-83-2  Pre-registered  4.12 
TBNPA  Tribromoneopentyl alcohol  1522-92-5  Not (pre-)registered  4.13 
TDBP-TAZTO  1,3,5-Tris(2,3-dibromopropyl)-1,3,5-triazine-2,4,6-trione  52434-90-9  Pre-registered  4.14 
TBCO  1,2,5,6-Tetrabromocyclooctane  3194-57-8  Not (pre-)registered  4.15 Emerging and Novel BFRs in Food 
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Table 1:   Continued. 
Abbreviation  Name  CAS number  ECHA registration 
status
(a)  Section 
TBX  1,2,4,5-Tetrabromo-3,6-dimethylbenzene  23488-38-2  Pre-registered  4.16 
TDBPP  Tris(2,3-dibromopropyl) phosphate  126-72-7  Pre-registered  4.17 
NOVEL BFRs         
BDBP-TAZTO  1,3-Bis(2,3-dibromopropyl)-5-allyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione  75795-16-3  Not (pre-)registered  5.1 
DBNPG  Dibromoneopentyl glycol  3296-90-0  Pre-registered  5.2 
DBP-TAZTO  1-(2,3-Dibromopropyl)-3,5-diallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione  57829-89-7  Not (pre-)registered  5.3 
DBS  Dibromostyrene  31780-26-4  Pre-registered  5.4 
EBTEBPI  N,N'-Ethylenebis(tetrabromophthalimide)  32588-76-4  Pre-registered  5.5 
HBCYD  Hexabromocyclodecane  25495-98-1  Not (pre-)registered  5.6 
HEEHP-TEBP  2-(2-Hydroxyethoxy)ethyl 2-hydroxypropyl 3,4,5,6-tetrabromophthalate  20566-35-2  Registered  5.7 
4'-PeBPO-BDE208  Tetradecabromo-1,4-diphenoxybenzene  58965-66-5  Pre-registered  5.8 
TTBNPP  Tris(tribromoneopentyl) phosphate  19186-97-1  Pre-registered  5.9 
TTBP-TAZ  Tris(2,4,6-tribromophenoxy)-s-triazine  25713-60-4  Pre-registered  5.10 
(a):  According to the information provided at the European Chemicals Agency (ECHA) website (www.echa,europa.eu, last accessed: 19.09.2012). 
 Emerging and Novel BFRs in Food 
 
EFSA Journal 2012;10(10):2908  15 
The CONTAM Panel noted that 2,3,4,5-tetrabromo-6-chloromethylbenzene (TBCT) has been reported 
to be found in air (Lee et al., 2010), and in sediments (López et al., 2011; Yang et al., 2012). This 
compound was, however, not further considered in this opinion, because the Panel could not identify 
any information on its production or use as a BFR. It can be suggested that TBCT might be present in 
the environment as a transformation product of other BFRs.    
In this opinion, data on levels in fish are listed under „environmental fate‟ when it is apparent that the 
data  were  collected  from  fish  caught  for  environmental  research  and  not  from  fish  caught  for 
marketing/consumption purposes. The latter are listed under „occurrence in food‟. It should however 
be noted that environmental monitoring of wildlife, when samples are collected according to protocols 
providing information on e.g. species, sex, age, site and time of the year, facilitates identification and 
quantification of temporal trends of the occurrence of environmental contaminants. Consequently, 
environmental monitoring could give not only reliable information on environmental trends, but might 
also be indicative of the occurrence of environmental contaminants in food. 
2.  Legislation 
In order to protect public health, Article 2 of Council Regulation (EEC) No 315/93 of 8 February 
1993
7 laying down Community procedures for contaminants in  food stipulates that, where necessary, 
maximum tolerances for specific contaminants shall be established. Thus, a number  of maximum 
tolerances are currently laid down in Commission  Regulation (EC) No. 1881/2006 of 19 December 
2006
8 (last amended by Commission Regulation  (EU) No 1259/2011
9) setting maximum levels for 
certain contaminants, e.g. dioxins, dioxin-like and non dioxin-like polychlorinated biphenyls (PCBs) 
and several polycyclic aromatic hydrocarbons in foodstuffs. None of the emerging or novel BFRs 
considered in this opinion are regulated so far under this Regulation or under any other specific 
European Union (EU) regulation for food. 
Council Directive 2002/32/EC
10 regulates undesirable substances in animal feed. While maximum 
levels are set for a number of inorganic and organic contaminants in various feed materials, n one of 
the emerging or novel BFRs considered in this opinion are so far regulated under this Directive or any 
other specific EU regulation for feed. 
Amongst the emerging and novel BFRs considered in this opinion  only decabromodiphenyl ethane 
(DBDPE, CAS No 84852-53-9, Section 4.3.) and 2-(2-hydroxyethoxy)ethyl-2-hydroxypropyl-3,4,5,6-
tetrabromophthalate (HEEHP-TEBP, CAS No 20566 -35-2,  Section 5.7.) are registered substances 
under the Regulation (EC) No. 1907/2006 on Registration, Evaluation and Authorisation of Chemicals 
(REACH).
11 Some of the other BFRs are, according to the information provided on the website of the 
European Chemicals Agency (ECHA), pre -registered substances (Table 1). The objective of pre -
registration was to facilitate sharing of data between registrants, where possible, in order to redu ce 
unnecessary testing, especially on vertebrate animals, and to decrease costs for the industry. The list of 
pre-registered substances is available on the ECHA website and contains for each substance its 
European  Commission  (EC)  number,  CAS  number  (when  a vailable),  name,  synonyms  (when 
available) and registration date. No other information (e.g. production volumes, uses) is available.    
                                                       
7 Council Regulation (EEC) No 315/93 of 8 February 1993 laying down Community procedures for contaminants in food. OJ 
L 37, 13.2.1993, p. 1. 
8 Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain  contaminants in 
foodstuffs, OJ L364, 20.12.2006, p. 5-24. 
9 Commission Regulation (EU) No  1259/2011 of 2 December 2011 amending Regulation (EC) No 1881/2006 as regards 
maximum levels for dioxins, dioxin-like PCBs and non dioxin-like PCBs in foodstuffs. OJ L 320, 3.12.2011, p. 18-23. 
10 Directive 2002/32/EC of the European Parliament and of the Council of 7 May 2002 on undesirable substances in food. OJ 
L 140, 30.2.2002, p. 10. 
11 Regulation (EC) No 1907/2006 Of The European Parliament And Of The Council of 18 December 2006 concerning the 
Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH),  OJ L 396, 30.12.2006, p. 1. Emerging and Novel BFRs in Food 
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2.1.  Legislation on sampling and analysis of food 
There are no specific guidelines for the sampling of foods to be analysed for emerging and novel 
BFRs. Therefore, basic rules for sampling of organic contaminants or pesticides should be followed. 
Respective requirements are for example laid down in Commission Regulation (EU) No 252/2012
12 
laying down methods of sampling and analysis for the official control of levels of dioxins, dioxin-like 
PCBs and non dioxin-like PCBs in certain foodstuffs and repealing Regulation (EC) No 1883/2006.
13 
This Regulation contains inter alia a number of provisions concerning methods of sampling depending 
on the size of the lot, packaging, transport, storage, sealing and labelling. The primary objective is to 
obtain a representative and homogeneous laboratory sample with no secondary contamination. 
3.  Occurrence of emerging and novel BFRs in food: call for data 
A call for data on BFRs
14 from the Dietary and Chemical Monitoring Unit (DCM) (former Data 
Collection and Exposure Unit, DATEX) was issued by EFSA in December 2009, with different 
deadlines according to the chemicals to be collected. The closing date  for data submissions on 
“emerging brominated flame retardants” (with no distinction at that time between  „emerging‟ and 
„novel‟ BFRs as defined in the current opinion) was December 2010.  
EFSA received results from the analysis of three BFRs, i.e. BTBPE, DBDPE and HBB. These are 
considered in this opinion as „emerging‟ BFRs. The results were provided by two European countries 
covering the period 2006-2008. 
The data submission to EFSA followed the requirements of the Standard Sample Description model. 
On  the  EFSA  webpage  of  the  call for  data,  detailed  instructions  on  how  to submit  data  and  the 
Guidance on Standard Sample Description for Food and Feed specifying the data elements, the sample 
data structure of the analytical results for chemical contaminants and residues in food and feed were 
provided. 
SAS Enterprise software was used to extract information from the occurrence data submitted. As a 
standard routine, DCM unit sends a Data Standardisation report to data providers listing each data 
management action taken in Advanced Data Standardisation procedure, asking data providers to check 
and eventually confirm that the extracted information was correct and provide clarifications in case of 
unclear or missing detailed information. 
3.1.  Summary of data collected 
In total, 644 analytical results on three emerging BFRs were reported. From those, 215 corresponded 
to BTBPE, 214 to DBDPE and 215 to HBB. The UK provided 53.4 % of the analytical results, while 
the remaining 46.6 % were provided by Ireland.   
Most of the results were reported for the years 2006 and 2007 (around 47 % for each of the years) 
while the remaining 6 % corresponded to 2008. 
During the data cleaning steps, analytical results identified with incomplete or incorrect description of 
any of the required variables (e.g. parameter type, food classification, results value or results LOD-
LOQ of the Standard Sample Description template (EFSA, 2010)), were returned to the respective data 
provider for further check, before excluding or modifying the records in the database. Two analytical 
                                                       
12   Commission Regulation (EU) No 252/2012 of 21 March 2012 laying down methods of sampling and analysis for the 
official  control  of  levels  of  dioxin,  dioxin-like  PCBs  and  non-dioxin-like  PCBs  in  certain  foodstuffs  and  repealing 
Regulation (EC) No 1883/2006,  OJ L 84, 23.3.2012, p. 1. 
13 Commission Regulation (EC) No 1883/2003 of 19 December 2006 laying down methods of sampl ing and analysis for the 
official control of levels in dioxins and dioxin-like PCBs in certain foodstuffs. OJ L 364, 20.12.2006, p. 32. 
14 http://www.efsa.europa.eu/en/data/call/datex091215.htm  Emerging and Novel BFRs in Food 
 
EFSA Journal 2012;10(10):2908  17 
results  for  DBDPE  were  provided  without  any  value  (LOD,  LOQ,  value  all  missing)  and  were 
therefore discarded.   
Finally, a total of 642 analytical results for the three emerging BFRs were included in the dataset, 215 
corresponding to BTBPE, 212 to DBDPE and 215 results to HBB.    
3.2.  Occurrence data on emerging BFRs: data analysis 
Data providers were asked to codify all food descriptors according to the food classification system of 
the EFSA Concise European Food Consumption Database (EFSA concise food categories).
15  
In order to improve the estimation of the dietary exposure assessment, the “Comprehensive European 
Food  Consumption  Database”  was  established  in  2010  with  a  refined  food  classification,  named 
FoodEx. FoodEx is a food classification system developed by EFSA‟s DCM Unit in 2009 with the 
objective to simplify the link between occurrence and food consumption data when assessing the 
dietary exposure to hazardous substances. FoodEx contains 20 main food groups (first level),
16 which 
are further divided into subgroups having 160 items at the second level, 1  261 items at the third level 
and about 1 800 end-points (food names or generic food names) at the fourth level. It is based on a 
hierarchical coding for easy cross -checking and it  is structured as a child -parent relation (EFSA, 
2011a).  
For each of the 3 compounds, and from the 20 aggregated food groups available at the first level of 
FoodEx (FoodEx level 1), the dominant food categor ies were “Meat and Meat products (including 
edible offal)” (23 %), “Animal and vegetable fats and oils” (19 %), “Milk and dairy products” (19 %) 
and “Fish and other seafood (including amphibians, reptiles, snails and insects)” (18 %). The food 
category “Eggs and egg products” represented 12 % of the samples. The remaining food categories, 
i.e. “Fruit and fruit products”, “Grains and grain-based products”, “Snacks, desserts, and other foods”, 
“Starchy roots and tubers” and “Vegetables and vegetable products (including fungi)” represented 
around 8 % of the samples.   
The submitted analytical results have all been reported in ng/g wet weight (w.w.).  
The analytical methods reported by the two countries to perform the analyses of BTBPE, DBDPE and 
HBB in food samples were high resolution gas chromaotgraphy (GC) coupled to high resolution mass 
spectrometry (HRMS).  
All  analytical  results  on  DBDPE  and  HBB  in  food  samples  from  the  food  groups  covered  were 
reported as < LOQ. In the case of BTBPE, from the 215 analytical results only 23 were reported as 
> LOQ.  Because  of  this,  in  accordance  with  the  guidelines  of  the  WHO  Global  Environment 
Monitoring  System-Food  Contamination  Monitoring  and  Assessment  Programme  (GEMS/Food-
EURO, 1995), no statistical descriptors for the purpose of exposure assessment could be estimated 
from this data set. 
Details on the occurrence of BTBPE, DBDPE and HBB are reported in sections 4.2.4., 4.3.4. and 
4.7.4., respectively.    
                                                       
15 http://www.efsa.europa.eu/en/datex/datexfooddb.htm  
16 Grains and grain-based products, Vegetables and vegetable products (including fungi), Starchy roots and tubers, Legumes, 
nuts and oilseeds, Fruit and fruit products, Meat and meat products (including edible offal), Fish and other seafood 
(including  amphibians,  reptiles,  snails  and  insects),  Milk  and  dairy  products,  Eggs  and  egg  products,  Sugar  and 
confectionary, Animal and vegetable fats and oils, Fruit and vegetable juices, Non -alcoholic beverages (excepting milk 
based beverages), Alcoholic beverages, Drinking water (water without any additives except carbon dioxide; includes water 
ice for consumption), Herbs, spices and condiments, Food for infants and small children, Products for special nutritional 
use, Composite food (including frozen products), Snacks, desserts, classification not possible. Emerging and Novel BFRs in Food 
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4.  Emerging BFRs  
For  the  emerging  BFRs  considered  by  the  EFSA  Panel  on  Contaminants  in  the  Food  Chain 
(CONTAM Panel) in this opinion, their chemical structure, some chemical characteristics and other 
names/trade  names  are  presented  below.  In  addition,  information  on  their  occurrence  in  the 
environment and/or in food, and toxicological information is provided. The physico-chemical data 
given in the tables below are all extracted from SciFinder
17 (Chemical Abstract) (January-April, 2012). 
Both the practical and structured abbreviations (PRABs and STABs)  according to Bergman et al. 
(2012) are presented for each of the emerging BFRs. 
                                                       
17 https://scifinder.cas.org/ Emerging and Novel BFRs in Food 
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4.1.  BIS(2-ETHYLHEXYL) TETRABROMOPHTHALATE (BEH-TEBP) 
4.1.1.  Chemical characteristics 
Basic information on BEH-TEBP is given in Table 2. BEH-TEBP is a phthalate ester with an expected 
low environmental reactivity, including environmental hydrolysis (Schwarzenbach et al., 2003). The 
compound has been shown to undergo photolytic debromination (Davis and Stapleton, 2009). 
Table 2:   Chemical structure of bis(2-ethylhexyl) tetrabromophthalate and some basic information 
on this emerging BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations  
BEH-TEBP 
bEtH-TeBPht 
TBPH; BEHTBP; TeBrDEHP 
IUPAC name 
 
3,4,5,6-Tetrabromo-1,2-benzenedicarboxylic acid 1,2-bis(2-ethylhexyl) ester 
Common names 
Bis(2-ethylhexyl) tetrabromophthalate 
1,2-Benzenedicarboxylic acid, 3,4,5,6-tetrabromo-, bis(2-ethylhexyl) ester (9CI) 
Di(2-ethylhexyl) tetrabromophthalate 
Phthalic acid, tetrabromo-, bis(2-ethylhexyl) ester (8CI) 
Trade names  DP 45; Pyronil 45; Uniplex FRP 45; Firemaster 550
(a); Firemaster BZ-54
(a)  
CAS No  26040-51-7 
MW  706.14         
Log Kow  9.34 
Koc  2.88 × 10
6 
Vapour pressure (Torr)  1.16 × 10
-13 
(a):  Firemaster 550 and Firemaster BZ-54 are complex mixtures in which BEH-TEBP is one of the components together 
with EH-TBB. 
 
4.1.2.  Methods of analysis 
BEH-TEBP  can  be  analysed  using  multi-analyte  methods  (i.e.  methods  that  analyse  BEH-TEBP 
together with other emerging BFRs, HBCDDs or PBDEs) (e.g. Klif, 2010a; Covaci et al., 2011). The 
extraction of BEH-TEBP is mostly done with medium polar solvents (mixtures). BEH-TEBP was 
isolated from fish by cold-column extraction using a cyclohexane:acetone mixture and subsequently a 
dichloromethane:n-hexane  mixture.  Clean-up  was  performed  by  gel  permeation  chromatography 
(GPC) for lipid removal, and Florisil
® (Klif, 2010a). In another study, BEH-TEBP was isolated by 
pressurised liquid extraction (PLE) followed by automated clean-up (acid silica and subsequent carbon 
column clean-up) (Zhou et al., 2010). Ali et al. (2011a) and Stapleton et al. (2008) extracted BEH-
O 
O 
O 
O 
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TEBP from dust samples using a medium polar solvent (mixture) (e.g. dichloromethane or hexane-
acetone), using ultrasonic or PLE extraction. Clean-up was performed by (acid) silica or deactivated 
Florisil
®  column  chromatography  and  BEH-TEBP  was  analysed  using  gas  chromatography  (GC) 
combined with electron capture negative ionisation (ECNI)  mass spectrometry (MS). Typically, a 
short column is used for analysis of BEH-TEBP (15 m, 0.25 mm i.d., 0.1 µm film thickness, with 
apolar stationary phase). Although most BFRs (detected with ECNI-MS) only yield m/z 79 and 81 ions 
with sufficient response for sensitive detection, BEH-TEBP can also be detected with m/z 463, 384 
and 515 (Ali et al., 2011a; Stapleton et al., 2008). BEH-TEBP can also be detected using electron 
impact (EI) high resolution MS (HRMS) (Covaci et al., 2011) and by LC coupled with tandem MS 
using atmospheric pressure photo ionisation (LC-APPI-MS/MS) on a C18 column (Zhou et al., 2010).  
Quality control (QC) and quality assurance (QA) 
The analysis of BEH-TEBP (and other BFRs) is laborious and complex and involves several steps. 
Errors are easily made in extraction, clean-up, GC determination and quantification. A number of 
factors determine the final accuracy and precision (i.e. the quality) of the results reported. Although 
the studies cited above did not report specific precautions for BEH-TEBP, caution should be taken 
when analysing BFRs, just as with other BFRs and trace analysis of micropollutants in general. For 
BFRs  in  general,  exposure  to  ultraviolet  (UV)  radiation  should  be  avoided  as  it  may  lead  to 
degradation, and all analytical work should be carried out in such a manner that exposure of samples 
and extracts to UV light is minimised. Exposure to high temperatures should be avoided, especially for 
prolonged time (e.g. in the GC oven). Problems with blanks can be minimised by avoiding contact 
with  dust  particles  at  every  stage  of  sampling,  pre-treatment  and  analysis.  Stapleton  et  al  (2008) 
reported minor levels of BEH-TEBP in field and laboratory blanks. Mass labelled internal standards 
are not available for BEH-TEBP (and many other emerging and novel BFRs), so accuracy of the entire 
method should be demonstrated by recovery experiments and/or standard addition quantification. 
Interlaboratory studies and certified reference materials (CRMs) 
So far, no interlaboratory studies have been reported on the analysis of BEH-TEBP (nor for the other 
BFRs  discussed  in  this  opinion).  Standard  or  Certified  Reference  Materials  (SRM,  CRM)  are 
important  tools  for  laboratory  performance  evaluation  against  external  references.  However,  such 
reference materials are lacking for biological matrices. 
4.1.3.  Sources, use and environmental fate  
BEH-TEBP is used as an additive flame retardant replacing PentaBDE in many applications as e.g. in 
polyurethane foam, PVC and neoprene rubber and in wire and cable insulation. It is also used as a 
plasticizer (Andersson et al., 2006; de Wit et al., 2011). BEH-TEBP can also be used in combination 
with EH-TBB (see Section 4.6.).    
Annual production in the United States of America (US) was 450-4 500 tonnes during 1990-2006 
(US-EPA, 2006, 2010, as cited by de Wit et al., 2011).  
Air and dust 
Ma et al. (2011) reported the concentrations of BEH-TEBP and EH-TBB in 570 air samples collected 
from 2008 to 2010 at six sites near the shores of the North American Great Lakes. The sampling sites 
consisted of two urban sites, a rural site and three remote  sites. Atmospheric vapour and particle 
phases were collected separately. BEH-TEBP was not detected in the atmospheric vapour samples, but 
was present in most of the particle phase samples from the urban sites (range: 0.36-290 pg/m
3), and in 
half of the remote sites samples (range: 0.11-32 pg/m
3). The authors assessed the temporal trend and 
concluded  that  the  concentrations  of  BEH-TEBP  (and  EH-TBB)  are  increasing  rapidly  in  the 
atmosphere (doubling time (years): 1.1±0.1 at the urban sites and 1.6±0.3 at the rural and remote 
sites).     Emerging and Novel BFRs in Food 
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Stapleton et al. (2008) found BEH-TEBP in all 37 dust samples, collected in homes in Boston, in 
concentrations ranging from 3.5 to 10 630 ng/g dust. Stapleton et al. (2009) studied further 50 dust 
samples  and  found  BEH-TEBP  in  30  of  these  samples  in  concentrations  ranging  from  < 300  to 
47 110 ng/g dust, geometric mean 650 ng/g dust.  
Ali et al. (2011b) analysed 21 dust samples collected at e-waste facilities in Thailand. BEH-TEBP 
could be identified and quantified in all samples at concentrations ranging from 79 to 1 300 ng/g dry 
weight, mean 270 ng/g dry weight.  
Dirtu et al. (2011) reported a median concentration of approximately 20 ng/g in indoor dust samples 
(n = 47) from an urban area in Eastern Romania. 
Water, soil and sediments 
BEH-TEBP  has  also  been  found  in  sewage  sludge  samples  from  two  investigated  waste  water 
treatment plants (WWTPs) in San Francisco in the US (Klosterhaus et al., 2010) at concentrations 
ranging from 57 to 515 ng/g dry weight. These concentrations were in the same range or higher than 
those of HBCDD and BDE-209.  
Occurrence in wildlife 
Lam et al. (2009) determined BEH-TEBP in blubber samples of Indo-Pacific humpback dolphins 
(Sousa chinensis) and finless porpoises (Neophocaena phocaenoides) found stranded in the area of 
Hong  Kong.  The  concentrations  found  in  both  species  (50  samples  in  total)  ranged  from  <  0.04 
(instrumental limit of detection LOD) to 3 859 ng/g fat. The concentrations were generally lower than 
those of PBDEs in the same samples. In the porpoise, however, the BEH-TEBP concentration was 
clearly higher than the concentration of HBCDD.  
Zhou et al. (2010) analysed 22 fish samples collected in the five Great Lakes and from two lakes in 
Canada  by  using  LC-APPI-MS/MS.  BEH-TEBP  was  found  above  the  LOQ  of  0.042  ng/g  in  4 
samples, with concentrations ranging from 0.044 to 0.078 ng/g (mean: 0.060 ng/g). 
4.1.4.  Occurrence in food 
No information could be identified, although the observations in wildlife (see above), particularly in 
fish, indicate that BEH-TEBP might also be present in food.  
4.1.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.1.6.  Hazard identification  
RNA expression levels of 11 transcripts that have been shown to be regulated by HBCDD were 
evaluated  in  chicken  embryonic  hepatocytes  after  exposure  to  BEH-TEBT.  Expression  of  the 
transcripts was not affected by BEH-TEBT, and cell viability was not affected in the concentration 
range from 0.001 to 30 μM (Egloff et al., 2011).  
Because  BEH-TEBP  has  been  reported  to  be  an  important  component  of  Firemaster  550  and 
Firemaster BZ-54, the CONTAM Panel considered a study where fathead minnows were exposed to 
Firemaster 550 and Firemaster BZ-54 in feed for 56 days, followed by a 22 days recovery period on 
control feed (total duration 78 days) (Bearr et al., 2010). The daily intake per fish was 150 mg BEH-
TEBP and 330 mg EH-TBB via the Firemaster 550 feed, and 180 mg BEH-TEBP and 420 mg EH-
TBB via the Firemaster BZ-54 feed. Fish were sampled on days 14, 28, 56 and 78 (recovery). In 
Firemaster BZ-54-fed fish, the concentration in whole fish samples (after removal of the liver) was up 
to 800 ng of EH-TBB and 1 075 ng of BEH-TEBP, which represented 0.59 and 0.19 % of the daily 
dose of BEH-TEBP and EH-TBB in the feed, respectively. Elevated concentrations of both parent Emerging and Novel BFRs in Food 
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compounds and metabolites were found in whole fish samples (after removal of the liver). Fish weight 
and length were not significantly different between treatments at any sampling point. Blood and liver 
samples were investigated for DNA-strand breaks using the comet assay. No effects in the comet assay 
were found in blood cells. However, a significantly increased percent tail DNA in liver cells (1.8 to 
6.3-fold the controls) was observed in all three exposure time points with Firemaster 550, and on days 
28 and 56 with Firemaster BZ-54, but not after 22 days of recovery (Bearr et al., 2010). 
4.2.  1,2-BIS(2,4,6-TRIBROMOPHENOXY)ETHANE (BTBPE) 
4.2.1.  Chemical characteristics  
Basic information on BTBPE is given in Table 3. Thermal transformation of BTBPE has been studied 
by  Balbanovich  et  al. (2003)  showing  the formation  of tribromophenol  and vinyl  tribromophenyl 
ether. Prolonged contact with heating leads to the formation of hydrogen bromide, ethylene bromide, 
polybrominated vinyl phenyl ethers, diphenyl ethers and dibenzo-p-dioxins. No other experimental 
study is available. BTBPE is to be regarded as a compound of high persistency in the environment, 
although it may undergo reductive and photolytical debromination.  
Table 3:   Chemical structure of 1,2-bis(2,4,6-tribromophenoxy)ethane and some basic information 
on this emerging BFR. 
 
 
 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
BTBPE 
bTBPhOEt 
BTBPE; TBE; HxBrPoxE 
IUPAC name  1,1'-[1,2-Ethanediyl-bis(oxy)] bis[2,4,6-tribromo]benzene 
Common names  1,2-Bis(2,4,6-tribromophenoxy)ethane 
Trade names  FF 680; FI 680; FM 680; FireMaster 680; FireMaster  FF-680 
CAS No  37853-59-1 
MW  687.64 
Log Kow  8.31 
Koc  7.92 × 10
5 
Vapour pressure (Torr)  2.91 × 10
-12 
  
4.2.2.  Methods of analysis 
There is a substantial number of studies where BTBPE has been analysed, and chemical analytical 
methods are available for abiotic (e.g. air, sediment, dust) and biotic samples (e.g. fish, bird eggs). 
BTBPE can be analysed using multi-analyte methods as for PBDEs and other emerging BFRs as will 
be discussed in other Sections below. Extraction and clean-up methods employed are similar to those 
discussed for BEH-TEBP (see Section 4.1.2). Details on all aspects of the analytical methods can be 
found in comprehensive reviews by Covaci et al. (2011) and Papachlimitzou et al. (2012). Because of 
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its high molecular weight BTBPE is usually analysed on a short (10-15 meter) GC-column to avoid 
degradation  due  to  long  residence  times  at  high  temperatures in the  GC oven.  Detection  is  most 
frequently done by ECNI-MS, monitoring m/z 79 and 81 (Covaci et al., 2011), although EI-HRMS has 
also been employed (Kolic et al., 2009). BTBPE can also be analysed by LC-APPI-MS/MS on a C18 
column (Zhou et al., 2010). 
Concerning QC, QA, interlaboratory studies and CRMs, there are no specific details for BTBPE other 
than already mentioned in Section 4.1.2. Mass labelled 
13C-BTBPE is commercially available for 
accurate  analysis.  BTBPE  has  infrequently  been  detected  in  field  and  laboratory  blanks 
(Papachlimitzou et al., 2012). 
4.2.3.  Sources, use and environmental fate  
BTBPE is an additive flame retardant that has been produced since the mid 1970s. It is used as a 
replacement for OctaBDE in polystyrene, thermoplastics and resins. In the US the production was 
4 500-22 500 tonnes during 1986 to 1994. After 1998 the production declined to 450- 4 500 tonnes per 
year. No information on more recent production has been identified. In spite of a possible increased 
use as a result of the ban on OctaBDE,  BTBPE is classified as a low production volume (LPV) 
chemical
18 in the EU. BTBPE has been found in children‟s toys in a Chinese study with a total of 
69 samples purchased mainly in Guangzhou City (Chen et al., 2009). After BDE-209, BTBPE was one 
of the most commonly found brominated flame retardants in these samples. Hard polymers were 
usually found to contain higher concentrations than soft products as foam. The highest concentration 
recorded in the hard polymers was around 236 µg/g polymer (mean around 13 µg/g polymer). Based 
on these findings the authors also calculated children‟s exposure as a result of contact with these 
materials to be in the range of 24 to 820 pg/kg b.w. per day.  
Air and dust 
Ali et al. (2011b) studied the concentrations of several BFRs in dust, sampled in schools, homes and 
offices in Belgium and the United Kingdom (UK). BTBPE was detected in 85-100 % of the totally 
81 samples. The mean (and maximum) concentrations were 78 (1 741), 33 (1 019) and 80 (384) ng/g 
dust in UK classrooms, Belgian homes and offices, respectively. Karlsson et al. (2007) studied BTBPE 
in house dust sampled in five homes from three Swedish cities and found BTBPE in all samples in 
concentrations ranging from 2.52 to 8.15 ng/g dust, mean 4.8 ng/g dust. The authors also analysed 
vapour phase but they did not detect BTBPE above LOD (0.0118 ng/m
3). Ali et al. (2011b) also 
calculated the typical (mean) exposure via high dust ingestion to be 0.05 and 0.01 ng/kg b.w. per day 
for toddlers and adults, respectively.  
Harrad et al. (2008) studied BTBPE in dust samples from UK homes, offices and cars. Average (and 
maximum) concentrations were found to be 120 (1 900), 7.2 (40) and 7.7 (29) ng/g dust, respectively. 
Dirtu et al. (2011) analysed BTBPE in indoor dust samples (n = 47) in Romania. Compared to other 
BFRs it was found in low concentrations only (median 5 ng/g dust).  
Already in 1977 BTBPE was analysed in air particulate samples close to a production site in Arkansas, 
where  concentrations  up  to  183  ng/m
3  were  found  (Zweidinger  et  al.,  1977).  This  is  the  highest 
concentration reported although BTBPE has been identified in a number of other studies of particulate 
matter in ambient air in concentrations between 0.025-11 pg/m
3.  
                                                       
18 LPV chemical: chemical which has been produced or imported in EU with a tonnage >10 tonnes per year but never more 
than 1 000 tonnes per year. A High Production Volume (HPV) chemical is defined as being produced or imported in 
quantity of at least 1 000 tonnes per year in EU by at least one industry. 
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BTBPE has been analysed in tree bark samples mainly from the US and concentrations range from 
0.68 to 24 ng/g fat (Zhu and Hites, 2006). A few analyses of European (Germany and Italy) tree bark 
resulted in a concentration range of 0.11-13 ng/g fat (de Wit et al., 2011).  
From 2005 to 2009 Salamova and Hites (2011) analysed BTBPE in air (vapour and particles) and in 
precipitation samples at five stations belonging to the US Integrated Atmospheric Deposition Network 
around the Great Lakes. Two of these sites were urban (Chicago, Illinois and Cleveland, Ohio), one 
was rural (Sturgeon Point, New York) and two were remote sites (Sleeping Bear Dunes, Michigan, 
and Eagle Harbor, Michigan). The highest mean concentrations in vapour and particle samples from 
the  urban  sites  were  0.8  pg/m
3  and  1.0  pg/m
3,  respectively.  The  highest  concentration  in  the 
precipitation  samples  (rain  and  melted  snow)  was  0.1  ng/L.  At  the  rural  site  the  corresponding 
concentrations  were  0.2  pg/m
3,  0.5  pg/m
3  and  0.05  ng/L,  respectively.  At  the  remote  sites,  the 
corresponding concentrations were 0.3 pg/m
3, 0.9 pg/m
3 and 0.04 ng/L, respectively.  
Tian et al. (2011a, b) studied the occurrence of BTBPE and other BFRs in the atmosphere in Southern 
China and found that the levels of BTBPE were 35 % and 6.9 % of the total amount of BFRs in the 
atmosphere in  rural  air  and  in  air  at  the  e-waste  site,  respectively.  As  for  many  other  BFRs  the 
concentrations were higher close to e-waste sites and lower in urban environments and even lower at 
rural sites. Total deposition of BFRs close to e-waste sites ranged up to around 1 300 ng/m
2 per day. 
The  concentration of  BTBPE  (gas  and  particle  bound  combined)  at the  e-waste  site  ranged  from 
4.49 to 398 pg/m
3 (arithmetic mean: 78.7 pg/m
3). The corresponding concentrations at a rural site 
ranged from non detectable to 28.4 pg/m
3 (arithmetic mean: 2.97 pg/m
3).  
Sjödin et al. (2001) studying the concentration of BTBPE in indoor air of an electronics recycling 
plant found a concentration of 20 000 pg/m
3 in the dismantling hall, and it was even higher near the 
shredder.  
In a study by Hoh et al. (2005), BTBPE was analysed in ten air samples collected at five different 
sites: Chicago (Illinois), Sleeping Bear Dunes National Lakeshore (Michigan), Bloomington (Indiana), 
Rohwer (Arkansas) and Cocodrie (Louisiana). The concentrations in these air samples ranged from 
2.8 to 70 ng/m
3, with the highest levels found in Arkansas. 
BTBPE has been analysed in air and dust samples from the Pearl river delta and close to an e-waste 
site in People‟s Republic China by Shi et al. (2009). They found levels in air (gaseous and particle) 
ranging  from  3.83  to  67.4  pg/m
3.  In  dust  sampled  on  the  ground  close  to  e-waste  dismantling 
workshops the concentrations ranged from 14.6 to 232 ng/g dry weight.  
Möller et al. (2011) studied BTBPE in air and sea water sampled in the European Arctic and reported 
concentrations in air ranging from < 0.021 to 0.06 pg/m
3 (gaseous) and from < 0.002 to 0.02 pg/m
3 
(particulate). In sea water the concentrations were < 0.028 pg/L (dissolved) and < 0.0007-0.002 pg/L 
(particulate).  
Soil and sediments  
BTBPE has been analysed in sediments (n = 144, from 16 different sites) from the Great lakes by 
Yang et al. (2012). BTBPE was detected in 84 % of the analysed samples and the concentrations 
ranged from 0.13 to 8.3 ng/g dry weight. Shi et al. (2009) found BTBPE in sediment, soil and sludge 
samples from the Pearl river delta close to an e-waste site in PR China. The concentrations ranged 
from 0.05 to 21.9, from 0.02 to 0.11, and from 0.31 to 1.66 ng/g dry weight, for sediment, soil and 
sludge samples, respectively. 
López et al. (2011) collected sediment samples (upper 2–4 cm) in 2005 at four different locations at 
the  Western  Scheldt  estuary  in  the  Netherlands.  BTBPE  was  detected  at  two  sites  showing 
concentrations of 0.25 and 0.31 ng/g dry weight, whereas the result from the remaining two sites were 
< LOD (0.06 ng/g dry weight).    Emerging and Novel BFRs in Food 
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Körner et al. (2011) found BTBPE in sewage sludge from Bavaria in concentrations ranging from 
0.133 (LOQ) to 16.5 ng/g dry weight with a mean of 3.92 ng/g dry weight.  
Occurrence in wildlife 
Verreault et al. (2007) examined the levels of BTBPE in egg yolk (n = 31) and plasma samples of 
male  (n = 19)  and  female  (n = 30)  glaucous  gulls  (Larus  hyperboreus)  collected  in  2006  in  the 
Norwegian Arctic. The levels in female plasma were all < 0.20 ng/g w.w. (method LOQ), while the 
concentrations in male plasma ranged from < 0.20 to 0.26 ng/g w.w. and in egg yolk ranged from 
< 0.27 to 0.96 ng/g w.w.  
Pools of herring gull eggs (Larus argentatus) collected in 2004 from six sites in the Great Lakes were 
analysed in a study by Gauthier et al. (2009). BTBPE was detected at two sites, with concentrations of 
9.33 and 44 ng/g w.w.  
Karlsson et al. (2006) studied nine eggs from Northern Fulmars (Fulmarus glacialis) sampled in 2003 
in the Faroe Islands and found BTBPE at concentrations above the LOD (0.02 ng/g fat) in all but one 
of the eggs. The mean concentration was 0.11 ng/g fat and the highest concentration recorded was 
0.17 ng/g fat. 
Six pooled samples of juvenile common sole (Solea solea) from three nursery zones along the French 
Atlantic coast collected in 2003 and 2004 were analysed for a number of BFRs (Munschy et al., 2007). 
BTBPE concentrations ranged from < LOD (numerical value not reported) to 2.22 ng/g fat. In a 
further study, the same authors analysed muscle and liver of the same species (Solea solea) collected 
in 2007, 2008 and 2009 from the same three nursery zones plus an additional one (Munschy et al., 
2011). Mean concentrations of BTBPE in sole muscle and liver ranged from 0.2 pg/g w.w. to 0.7 pg/g 
w.w. (or 0.08 ng/g fat to 0.31 ng/g fat), and from 5.3 pg/g w.w. to 40.2 pg/g w.w. (or 0.17 ng/g fat to 
4.1 ng/g fat), respectively. Concentrations in samples from the Seine estuary were in the same range as 
those found in samples from the Atlantic, suggesting that the origin of BTBPE was not directly related 
to high anthropogenic activity in the Seine estuary. 
Concentrations of BFRs other than PBDEs, like BTBPE, as well as some chlorinated flame retardants, 
were  evaluated  in  archived  samples  of trout  (Salvelinus  namaycush)  from  Lake  Ontario,  Canada, 
collected  between  1979  and  2004  (Ismail  et  al.,  2009).  Concentrations  of  BTBPE  in  lake  trout 
increased exponentially (p < 0.01) between 1979 (0.6 ± 0.3 ng/g fat or 0.07 ± 0.03 ng/g w.w.) and 
1993 (2.6 ± 0.6 ng/g fat or 0.24 ± 0.03 ng/g w.w.), with a doubling-time of six years. The average 
concentration in 1998 and 2004 of 1.9 ± 0.3 ng/g fat was greater than that in emerald shiner (Notropis 
atherinoides) (0.95 ng/g fat), goldeye (Hiodon alosoides) (0.33 ng/g fat), white sucker (Catostomus 
commersonii) (0.13 ng/g fat) and burbot (Lota lota) (0.79 ng/g fat) collected from Lake Winnipeg 
(Canada)  in  2002  (Law  et  al.,  2006).  In  the  same  study  an  aquatic food  web  in  Lake  Winnipeg 
consisting of zooplankton, mussels and six species of fish was investigated. The mean concentration in 
zooplankton was 0.37 ng/g fat and in mussels 1.3 ng/g fat. Based on these results, including those 
from the fish mentioned above, the trophic magnification factor was calculated to be 1.0, i.e. lower 
than  that  of  most  PBDEs  and  HBCDDs.  Biomagnification  factors  (BMFs)  calculated  on  BTBPE 
concentrations  (fat  basis)  in  various  predator/prey  constellations  indicate  that  BTBPE  may 
bioaccumulate when specific feeding relationships exist, and BMFs for Walleye (Sander vitreus) were 
found to vary from 0.4 to 2.5 depending on the prey.  
Shi et al. (2009) found BTBPE in wildlife samples collected in an area with e-waste dismantling 
workshops in southern PR China. The concentrations in watercock (Gallicrex cinerea) muscle, liver 
and kidney were 0.07-0.39, 0.27-2.41 and 0.12-0.89 ng/g fat, respectively. In carp (Cyprinus sp.), 
Bighead (Hypophthalmichthys nobilis) and Tilapia (Oreochromis sp.) the concentrations in liver were 
< 0.012, 0.027-0.041 and < 0.012, respectively.  Emerging and Novel BFRs in Food 
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In a study by Wu et al. (2010) in an e-waste area, mean concentrations of BTBPE in three different 
species of fish (Mud carp (Cirrhinus molitorella, n = 12), Crucian carp (Carassius auratus, n = 18) 
and Northern snakehead (Ophicephalus argus, n = 6)) were reported to range from 1.71 to 518 ng/g 
fat. The same authors also analysed two invertebrate species, Chinese mysterysnail (Cipangopaludina 
chinensis) (n = 43) and a prawn (Macrobrachium nipponense) (n = 7) and one reptile, Chinese Water 
Snake (Enhydris chinensis) (n = 2). The mean concentrations in these species were found to be 67.1, 
44.7 and 9.22 ng/g fat, respectively. Based on these observations Wu et al. (2011) calculated log BAFs 
in  the  range  of  3.32  to 6.08,  indicating  a  very  high  bioaccumulation  of  BTBPE  in  these  aquatic 
species. 
Zhou et al. (2010) analysed 22 fish samples collected in the five Great Lakes and from two lakes in 
Canada by using LC-APPI-MS/MS. BTBPE was not found above the LOQ (0.011 ng/g w.w.) in any 
of the samples).  
In  adipose tissue of  polar  bears  (n = 165) from  Alaska,  the  Canadian  Arctic, Hudson  Bay  or the 
European  Arctic,  BTBPE  was  only  detected  in  samples  from  the  Canadian  Arctic  (frequency  of 
detection: 25 %) at concentrations below 3 ng/g fat (McKinney et al., 2011). 
Strid (2010) analysed BTBPE in liver tissue from female Greenland sharks collected from Icelandic 
waters in the eastern North Atlantic between 2001 and 2003. BTBPE was quantified in 9 out of 
15 samples analysed, with a median concentration of 0.61 ng/g fat (method LOD: 0.16 ng, expressed 
as total amount in the sample).  
4.2.4.  Occurrence in food 
4.2.4.1.  Current occurrence of BTBPE in food: EFSA call for data 
General information on the data submitted through the call for data have been reported in section 3. 
From the total of 215 analytical results reported for BTBPE, only 11 % (n=23) were reported as >LOQ 
in the following food categories:  “Eggs and egg products” (n=1), “Fish and other seafood (including 
amphibians, reptiles, snails and insects)” (n=8), “Fruit and fruit products” (n=1), “Meat and meat 
products (including edible offal) (n=10), “Snacks, desserts, and other foods” (n=1), “Starchy roots and 
tubers” (n=1) and “Vegetables and vegetable products (including fungi)” (n=1).  
The maximum upper-bound (UB) concentration
19 was observed in the food category “Animal and 
vegetable fats and oil” (0.8 ng/g w.w.), followed by “Milk and dairy products” (0.37 ng/g w.w.) and 
“Fish and other seafood” (0.34 ng/g w.w.). The remaining food categories showed maximum UB 
levels < 0.2 ng/g w.w. 
The  CONTAM  Panel  concluded  that  with  the  available  reported  data  a  meaningful  exposure 
assessment for the general population or specific groups of the population was not possible.   
4.2.4.2.  Previously reported literature data on BTBPE in food 
No information could be identified besides the publication by Tlustos et al. (2010) reporting part of the 
samples as described under 4.2.4.1.   
4.2.5.  Occurrence in human samples (including human milk) 
BTBPE was analysed in human plasma samples (n = 5) from Sweden, but was not identified in any of 
these samples above the LOD of 1.31 ng/g fat (Karlsson et al., 2007). BTBPE was also not detected in 
any of the 128 serum samples from office cleaners, university students or policemen collected in the 
city of Tianjin (Northern China) (LOD, 0.05 ng) (Zhu et al., 2009) 
                                                       
19 The UB is obtained by assigning the numerical value of the LOD to values reported as <LOD. Emerging and Novel BFRs in Food 
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Zheng et al. (2011) analysed BTBPE in human hair in several population groups, i.e. occupationally 
exposed e-waste recycling workers (n = 30), residents in an e-waste recycling area (n = 82), residents 
in one of the largest urban centers in South China (n = 29) and residents in a rural area (n = 32). The 
levels found in the e-waste recycling area (0.60 and 1.21 ng/g dry weight for residents and exposed 
workers, respectively) were higher than those found in urban and rural areas (0.10 and 0.12 ng/g dry 
weight,  respectively).  In  the  same  study  dust  samples  were  analysed,  and  the  authors  reported  a 
significant correlation between the concentration in hair and dust samples, indicating that dust was one 
of the primary exposure ways to this compound.  
4.2.6.  Hazard identification  
The disposition of BTBPE was studied in rats administered 0.05-5 % 
14C-BTBPE in the diet for 1 day 
(Nomeir et al., 1993). The limited amount of radioactivity eliminated in urine (< 1 % of ingested 
dose), the high faecal excretion (80-100 % of the ingested dose) as well as the undetectable levels of 
radiolabelled  compounds  in  most  of  the  tissues,  give  indirect  evidence  of  poor  gastrointestinal 
absorption of BTBPE in rats. More recently, Hakk et al. (2004) found that about 100 % of a single 
dose (2 mg/kg b.w.) of 
14C-BTBPE given to rats by gavage was recovered from faeces. In a similar 
experiment  carried  out  in  bile-duct  cannulated  animals,  these  authors  demonstrated  that  biliary 
elimination of radioactivity was < 1 %. This result indicates that faecal elimination was mainly due to 
unabsorbed BTBPE.  
As a consequence of the low absorption, low tissue levels of BTBPE are observed (Hakk et al., 2004): 
72 h after a single oral dose of 2 mg/kg b.w. of 
14C-BTBPE, only the remaining carcass and the 
gastrointestinal tract contained more than 0.1 % of the dose. 
In rats fed a diet containing 500 mg/kg 
14C-BTBPE for 10 days, the highest concentrations (excluding 
the gastrointestinal tract) were found in adipose tissue, kidney, skin and thymus. The majority of the 
tissues contained < 0.01 % of the dose (Nomeir et al., 1993).  
Metabolites were excreted in urine, bile and faeces, but at a very low level (Hakk et al., 2004). Faecal 
metabolites  were  identified  as  monohydroxylated,  monohydroxylated  with  debromination, 
dihydroxylated/debrominated on a single aromatic ring, monohydroxylated on each aromatic ring with 
accompanying debromination, and cleavage on either side of the ether linkage to yield tribromophenol 
and tribromophenoxyethanol (Figure 1). 
Foodborne exposure of juvenile rainbow trout (Oncorhynchus mykiss) to BTBPE (46.2 µg/kg feed, 
corresponding  to  approximately  0.5  µg/kg  b.w.  per  day)  for  49  days,  resulted  in  an  average 
concentration in muscle of about 0.3 µg/kg (Tomy et al., 2007). The uptake curve suggested that 
BTBPE did not reach steady state in fish at the end of the exposure period. The calculation of different 
bioaccumulation parameters indicates that BTBPE has a high potential to accumulate in fish. This 
potential was confirmed by the half-life of 54 days, calculated on the basis of a depuration period of 
154  days  during  which  the  fish  were  fed  with  feed  without  BTBPE  (Tommy  et  al.,  2007).  No 
metabolites were detected in the liver at the end of the exposure period. In the same study, circulating 
thyroid hormone concentrations, hepatic deiodinase enzyme activity, and thyroid gland histology were 
examined. The results showed no significant differences between exposed and control groups (Tommy 
et al., 2007).  
Acute toxicity studies showed that the oral LD50 of BTBPE was >10 g/kg b.w. for rats and dogs 
(Matthews, 1984, as cited by Nomeir et al., 1993). No obvious effect was seen for rats exposed to 
BTBPE in the diet at a concentration of 500 mg/kg, corresponding to 35 mg/kg b.w. for 14 days 
(Nomeir et al., 1993). 
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Figure 1:   Metabolism of BTBPE as suggested by Hakk et al. (2004). 
According  to  the  WHO/IPCS  (2005),  the  mutagenicity  of  BTBPE  was  investigated  in  the  yeast 
Saccharomyces  cerevisiae,  and  by  the  Ames  test,  in  Salmonella  strains  TA98,  TA100,  TA1535, 
TA1537 and TA1538, both in the presence and absence of liver S9 fraction from rats induced by a 
PCB mixture. BTBPE did not cause a positive response in the bacterial or yeast assay, either with or 
without metabolic activation. 
Egloff et al. (2011) investigated the toxicity of BTBPE in chicken embryos. The embryonic pipping 
success was not affected at any of the injected doses (from 0.1 to 10 µg/g egg). In the same article, the 
changes  in  the  relative  messenger  RNA  (mRNA)  abundance  of  11  genes  involved  in  xenobiotic 
biotransformation, lipid metabolism and thyroid hormone homeostasis were investigated in the liver of 
pipped embryos, and in primary cultured chicken embryo hepatocytes exposed to various BTBPE 
concentrations. BTBPE significantly upregulated the expression of cytochrome P-450 (CYP) 1A4 and 
1A5 mRNA levels in vitro (at ≥ 0.03 µM) and in ovo (at 3 µg/g egg). A dose-dependent decrease in 
type  III  iodothyronine  5‟-deiodinase  mRNA  was  observed  in  embryonic  livers,  whereas  type  I 
iodothyronine deiodinase was upregulated in chicken embryo hepatocytes (Egloff et al., 2011). 
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4.3.  DECABROMODIPHENYL ETHANE (DBDPE) 
4.3.1.  Chemical characteristics  
Basic  information  on  decabromodiphenyl  ethane  (DBDPE)  is  given  in  Table  4.  DBDPE  has 
experimentally been shown to undergo debromination and thermal transformations (Kierkegaard et al., 
2009). 
Table 4:   Chemical  structure  of  decabromodiphenyl  ethane  and  some  basic  information  on  this 
emerging BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
DBDPE 
DBDiPhEt 
DBDPE; DBDE; EBPE; DeBrPylE  
IUPAC name 
 
1,1'-(1,2-Ethanediyl) bis[2,3,4,5,6-pentabromo-benzene] 
Common names 
 
Decabromodiphenyl ethane 
Trade names 
Saytex
® 8010; Saytex
® 4010; Saytex
® 402 
(a); Saytex
® 8010 ZD; Saytex
® 
4010 ZD; SLFR-2; Firemaster 2100R  
CAS No  84852-53-9 
MW  971.22 
Log Kow  11.1 
Koc  1.00 × 10
7 
Vapour pressure (Torr)  6.0 × 10
-15 
(a):   No longer marketed (according to the information provided at the ECHA website).  
4.3.2.  Methods of analysis 
Several studies have been published on the analysis of DBDPE. It can be analysed using the same 
(multi)methods as for BTBPE, PBDEs and other BFRs (see e.g. Section 4.2.2.). DBDPE is often co-
analysed with PBDEs. Details on all aspects of analytical methods can be found in comprehensive 
reviews by Covaci et al. (2011) and Papachlimitzou et al. (2012). Because of the high molecular 
weight, DBDPE should be analysed on a short (10-15 meter) GC-column to avoid degradation due to 
long residence times at high temperatures in a GC oven. Care should also be taken to avoid exposure 
to daylight (Covaci et al., 2011).  
Concerning QC, QA, interlaboratory studies and CRMs, there are no specific details for DBDPE other 
than already mentioned in Section 4.1.2.  
4.3.3.  Sources, use and environmental fate  
DBDPE was introduced more than twenty years ago and it has, at least during the last decade, been 
used  as  a  substitute  for  BDE-209  and  therefore  it  is  currently  used  in  more  or  less  the  same 
applications as BDE-209, such as manufacture of plastics (including polyester and vinyl ester resins) 
B r 
B r 
B r 
B r 
B r 
B  r 
B r 
B r 
B r 
B r Emerging and Novel BFRs in Food 
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and rubber products as well as in different applications related to manufacture of textiles and leather. 
The compound is also used in polymers used for electronic and electrical applications. DBDPE could 
also be used in adhesives and sealants. DBDPE can occur in the environment as a result of release 
during manufacturing and use.  
The compound is listed as a LPV chemical in the European chemical Substances Information System 
(ESIS).
20 In 2001, the import as Saytex
® 8010 to Europe was estimated to be a few thousand metric 
tonnes, mainly to Germany (Arias, 2001). In 2007 and 2008, the production was expanded according 
to one producer (Albemarle Corp., 2007a, as cited by de Wit et al., 2011). According to Shi et al. 
(2009), DBDPE was the second most used BFR in China after BDE-209 (12 000 and 20 000 tonnes, 
respectively). 
Kierkegaard et al. (2004) found DBDPE in insulating material for plastic water pipes  where they 
found  4.8  mg/g  polymer.  This  is  considerably  less  than  the  ratio  of  12  %  which  is  technically 
recommended.  According  to  the  authors,  the  low  concentration  found  could  be  a  result  of 
shortcomings of the extraction procedure.  
DBDPE has been found in children‟s toys in a Chinese study with a total of 69 samples purchased 
mainly in Guangzhou City (Chen et al., 2009). After BDE-209, DBDPE was the most commonly 
found brominated flame retardant in these samples as it was detected in 40- 90 % of the different 
groups of toys. Hard polymers were usually found to contain higher concentrations than soft products 
such as foam. The highest concentration recorded in the hard polymers was around 117 µg/g polymer 
(mean 9 µg/g polymer). Based on these findings the authors calculated children‟s exposure as a result 
of contact with these materials to be around 1.3 to 15.1 ng/kg b.w. per day.  
Air and dust 
In a recent study by Egebäck et  al. (2012), DBDPE and BDE-209 were analysed in ambient air. 
Twelve samples with stable air mass back trajectories over the 24 h sampling period were analysed. 
The concentration ranges of DBDPE and BDE-209 were 0.077-7.9 and 0.093-1.8 pg/m
3, respectively. 
The  highest  concentrations  were  detected  in  air  from  the  European  continent  and  the  lowest 
concentrations during periods with rather stagnant air over southern Scandinavia. The concentrations 
of DBDPE and BDE-209 did not co-vary, indicating that there might be different major sources of the 
two compounds. DBDPE was predominantly associated with particles. 
Karlsson et al. (2007) studied DBDPE in house dust sampled in five homes from three Swedish cities 
and found DBDPE in all but one (LOD =  0.455 ng/g dust) sample in concentrations ranging from 
20.8 to 121 ng/g dust. The authors also analysed the vapour phase and found DBDPE in only one 
sample, 0.0229 ng/m
3 (LOD = 0.00784 ng/m
3).  
Venier and Hites (2008) studied DBDPE in air at five sites around the Great Lakes and found it at 
concentrations ranging from <0.01 pg/m
3 to around 500 pg/m
3 with mean concentrations at the five 
sites between approximately 0.1 and 2 pg/m
3.  
Ali et al. (2011b) reported the levels of DBDPE in dust samples collected in Belgian homes (n = 39) 
and offices (n = 6), and in UK child-care centre and primary school classrooms (n = 36) in 2007 and 
2008. The median (min-max) concentrations were 153 (55-2 126) ng/g dust, 721 (170 – 1 846) ng/g 
dust  and  98  (<  20 - 2 467)  ng/g  dust,  respectively.  The  typical  (median)  exposure  via  high  dust 
ingestion was calculated to be 1.89 and 0.18 ng/kg b.w. per day for toddlers and adults, respectively. 
In air in a Swedish electronics recycling facility Kierkegaard et al. (2004) found 0.7 ng/m
3. In a study 
by Stapleton et al. (2008) the concentrations in 37 samples of house dust in the US were found to 
range from <10.0 to 11 070 ng/g dust with a median value of 201 ng/g. Harrad et al. (2008) studied 
                                                       
20 http://esis.jrc.ec.europa.eu/ Emerging and Novel BFRs in Food 
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DBDPE in dust samples from UK homes, offices and cars. Average (and maximum) concentrations 
were found to be 270 (3 400), 170 (860) and 900 (2 900) ng/g dust, respectively. Dirtu et al. (2011) 
analysed DBDPE in indoor dust samples (n = 47) in Romania and found a median concentrations of 
170 ng/g of dust.   
DBDPE  has  also  been  studied  in  tree  bark  samples  mainly  from  the  US.  Zhu  and  Hites  (2006) 
identified it in samples from only two out of 29 sites at concentrations ranging from 9.3 to 100 ng/g 
fat.  
Takigami et al. (2009) found DBDPE in house dust in a hotel in Japan. DBDPE was detected in seven 
out of eight samples at concentrations up to 210 ng/g dust.  
Tian et al. (2011a, b) studied the occurrence of DBDPE and other BFRs in the atmosphere in Southern 
China and found that the levels of DBDPE were 22, 8 and 5 % of the total amount of BFRs in the 
atmosphere in the rural and urban air and air at an e-waste site, respectively. As for many other BFRs, 
the concentrations were higher close to e-waste sites and lower in urban environments and even lower 
at rural sites. Total deposition of BFRs close to e-waste sites ranged up to around 1 300 ng/m
2 per day. 
The  concentration  of  DBDPE  (gas  and  particle  bound  combined)  at  the  e-waste  site  reached 
2 240 pg/m
3 (arithmetic mean: 209 pg/m
3). The corresponding concentrations at a rural site ranged 
from 3.97 to 1 370 pg/m
3 (arithmetic mean: 158 pg/m
3).  
During 2005 to 2009, Salamova and Hites (2011) analysed DBDPE in air (vapour and particles) as 
well as precipitation at five stations belonging to the US Integrated Atmospheric Deposition Network 
around the Great Lakes. Two of these sites were urban (Chicago, IL, and Cleveland, OH), one rural 
site (Sturgeon Point, NY) and two remote sites (Sleeping Bear Dunes, MI, and Eagle Harbor, MI). The 
highest mean concentrations in vapour and particle samples from the urban sites were 4.7 pg/m
3 and 
14 pg/m
3, respectively. The highest concentration in the precipitation samples (rain and melted snow) 
was 0.6 ng/L. At the rural site the corresponding concentrations were 0.02 pg/m
3, 2.9 pg/m
3 and 
0.5 ng/L, respectively. At the remote sites, the corresponding concentrations were 0.7 pg/m
3, 3.2 pg/m
3 
and 0.44 ng/L, respectively.  
Shi et al. (2009) found DBDPE in four air samples (gaseous and particle) from the Pearl river delta 
area and close to an e-waste site in PR China. The concentrations ranged from 402 to 3 578 pg/m
3.  
Wang et al. (2010a) compared the concentrations of DBDPE in house dust from two sites in southern 
China,  one  e-waste  site  and  an  urban  site.  The  authors  found  DBDPE  in  all  dust  samples.  The 
concentration in house dust from the e-waste area ranged from 13.5 to 1 144 ng/g (mean, 171 ng/g), 
whereas the concentration in house dust from the urban area ranged from 100 to 47 000 ng/g (mean, 
5 194 ng/g).  
Water, soil and sediments 
Kierkegaard et al. (2004) identified DBPBE in sewage sludge and sediment from Sweden. In sewage 
sludge samples using two low and high resolution MS they found concentrations at 52 ng/g dry weight 
and  32  ng/g  dry  weight,  respectively.  The  ratio  of  the  DBDPE  concentration  to  the  BDE-209 
concentration was 0.6  and 0.3, respectively. In a sediment sample from the Western Scheldt, the 
Netherlands, collected in 2001 the authors found 24 ng/g dry weight. The BDE-209 concentration in 
the same sample was 1 280 ng/g dry weight, resulting in a DBDPE/BDE-209 ratio of 0.02.  
Ricklund et al. (2008) studied municipal sewage sludge from eleven different countries of which five 
were European. DBDPE was found in samples from all countries at concentrations up to 220 ng/g dry 
weight.  This  study  was  followed  up  by  a  mass  balance  study  at  one  Swedish  municipal  WWTP 
(Ricklund et al., 2009) where it was calculated that DBDPE was delivered to the plant at a rate of 
8.5 µg/day per person. DBDPE was transferred from the influent to the sludge generating a mean Emerging and Novel BFRs in Food 
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concentration  of  81  ng/g  dry  weight.  The  emission  of  DBDPE  via  the  effluent  water  was  small 
(< 1 %).  
The same authors analysed DBDPE in top-layer (0-2 cm) sediment from eleven Swedish lakes and 
seven  sites  from  the  brackish  environment  in  the  Stockholm  archipelago  (Ricklund  et  al.,  2010). 
DBDPE was detected in samples from all limnic and brackish sites and the concentration in the lake 
sediments ranged from 0.23 to 11 ng/g dry weight (LOD = 0.102 ng/g dry weight, LOQ = 0.170 ng/g 
dry  weight).  They  found  an  obvious  tendency  for  decreasing  levels  with  increasing  latitude,  and 
calculated the empirical half distance (EHD), defined as the distance in a south-north direction over 
which the concentrations changed by a factor of 2, to be 150 to 200 km. In the brackish sediment the 
concentrations  ranged  from  0.18  to  11  ng/g  dry  weight  (LOD = 0.033  ng/g  dry  weight, 
LOQ = 0.064 ng/g dry weight) with an obvious trend of decreasing levels with increasing distance to 
Stockholm.  
Klif (2010b) compiled Norwegian data on DBDPE in the environment. DBDPE was identified in 
water outside a metal recycling facility at concentrations ranging from 15.3 to 186 ng/L. In sewage 
sludge it was found in concentrations ranging from 1.3 to 8.7 ng/g dry weight. It was occasionally 
found in pine needles above the LOD of 0.1 ng/g w.w. 
López et al. (2011) analysed DBDPE in sediment from the Western Scheldt and found concentrations 
ranging  from  0.65  to  9.8  ng/g  dry  weight.  In  suspended  particulate  matter  (SPM)  they  reported 
8.9 ng/g dry weight. Körner et al. (2011) found DBDPE in sewage sludge in Bavaria in concentration 
ranging from 0.312 (LOD) to 77.4 ng/g dry weight with a mean of 36.1 ng/g dry weight.  
DBDPE has been analysed in sediments from the Great Lakes by Yang et al. (2012). It was detected in 
46 % (n = 144 from 16 different sites) of the analysed samples and the concentration ranged from 
0.11 to 2.8 ng/g dry weight. 
Shi et al. (2009) found DBDPE in sediment, soil and sludge samples from the Pearl River delta and 
close to an e-waste site in PR China. The concentrations were 38.8-364, 17.6-35.8 and 266-1995 ng/g 
dry weight, respectively. 
In a study by Wu et al. (2010) in an e-waste area, mean concentration of DBDPE in six sediment 
samples was reported to be 1 796 ng/g w.w.  
He et al. (2012) analysed DBDPE in water and sediment sampled from the Dongjiang River system in 
a densely industrialised area in southern China. The concentrations in water (five samples) ranged 
from 13 to 38 pg/L for the dissolved phase and 37 to 110 ng/g dry weight for the particulate phase. 
The mean and maximum concentrations in the 44 sediment were 200 and 1 700 ng/g dry weight, 
respectively.    
Occurrence in wildlife 
Pools of eggs from seven colonies of  herring gulls (Larus argentatus) from the Laurentian Great 
Lakes of North America collected between 1982 and 2006 were analysed for a number of BFRs 
(Gauthier et al., 2007, 2009). DBDPE was detected in two out of seven pools showing concentrations 
at 9.3 and 44 ng/g w.w. 
Guerra  et  al.  (2012)  studied  the  occurrence  of  DBDPE  in  eggs  from  peregrine  falcon  (Falco 
peregrinus) from Canada and Spain. In a total of 25 eggs DBDPE was detected in just one egg at 
8.2 ng/g fat (LOD = 1.1 ng/g fat, LOQ = 5.2 ng/g fat).  
Six pooled samples of juvenile common sole (Solea solea) from three nursery zones along the French 
Atlantic coast collected in 2003 and 2004 were analysed for a number of BFRs (Munschy et al., 2007). 
DBDPE  concentrations  ranged  from  0.18  to  3.90  ng/g  fat.  In  a  further  study,  the  same  authors Emerging and Novel BFRs in Food 
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analysed muscle and liver of the same species (Solea solea) collected in 2007, 2008 and 2009 from the 
same three nursery zones plus an additional one (Munschy et al., 2011). DBDPE mean concentrations 
in sole muscle samples ranged from 0.9 to 1.9 pg/g w.w. (or from 0.28 to 1.13 ng/g fat), and from 
< LOD  to  14.2  pg/g  w.w.  (or  from  <  LOD  to  1.33  ng/g  fat)  in  liver.  These  concentrations  are 
considerably  lower  than  those  reported  in  various  fish  species  from  Lake  Winnipeg  (Canada) 
(arithmetic mean for different species: 0.08-1.01 mg/g fat) (Law et al., 2006). 
In  adipose tissue of  polar  bears  (n = 165) from  Alaska,  the  Canadian  Arctic, Hudson  Bay  or the 
European  Arctic,  DBDPE  was  only  detected  in  samples  from  the  Canadian  Arctic  (frequency  of 
detection: around 10 %) and the Hudson Bay (detection frequency: around 3 %) (McKinney et al., 
2011). 
Also aquatic birds from an e-waste region in the Pearl River Delta have been shown to contain median 
DBDPE concentrations of 10-176 ng/g fat, with a maximum of 900 ng/g fat (Luo et al., 2009).  
Zhou et al. (2010) analysed 22 fish samples collected in the five Great Lakes and in two lakes in 
Canada by using LC-APPI-MS/MS. DBDPE was not found above the LOQ (0.020 ng/g) in any of the 
samples.     
He et al. (2012) analysed DBDPE in three species of fish; nine Mud carps (Cirrhina molitorella), 
fifteen Nile tilapia (Oreochromis niloticus niloticus), and ten Plecostomus (Hypostomus plecostomus), 
sampled from the Dongjiang River system, in a densely industrialised area in southern China. The 
concentrations in water (five samples) ranged from 13 to 38 pg/L for the dissolved phase and from 
37 to 110 ng/g dry weight for the particulate phase. The mean and maximum concentrations in the 
44 sediment samples were 200 and 1 700 ng/g dry weight, respectively.   
Ogawa et al. (2010) collected samples of Green mussel (Perna viridis) and Blue mussel (Mytilus 
edulis) from various locations in Cambodia, China, Hong Kong, India, Indonesia, Japan, Malaysia, the 
Philippines and Vietnam from 2003 to 2008. DBDPE was detected in 17 out of 67 locations. The 
concentrations  of  DBDPE  ranged  from  <0.3  to  22  ng/g  fat.  The  highest  levels  of  DBDPE  were 
detected in mussels from Japan and Korea.   
Byer et al. (2010) collected 58 eels in 2007 and 2008 from seven locations throughout eastern Canada. 
All eel samples (whole fish homogenates) were scanned for a number of organobromine compounds. 
DBDPE was quantified in only one sample at a concentration of 0.21 ng/g fat in a fish from Lake 
Ontario. 
In a study by Wu et al. (2010) in an e-waste area, mean concentrations of DBDPE in three different 
species of fish Mud carp (Cirrhinus molitorella) (n = 12), Crucian carp (Carassius auratus) (n = 18) 
and Northern snakehead (Ophicephalus argus) (n = 6) were reported to range from LOD (not given, 
but LOQ = 0.38 ng/g fat) to 338 ng/g fat. The same authors also analysed two invertebrate species, 
Chinese  mysterysnail  (Cipangopaludina  chinensis)  (n = 43)  and  a  prawn  (Macrobrachium 
nipponense) (n = 7) and one reptile, Chinese Water Snake (Enhydris chinensis) (n = 2). The mean 
concentration in the prawns was 84.3 ng/g fat, while in the remaining species no values were found 
above the LOD.  
Shi et al. (2009) found DBDPE in wildlife samples collected in an area with e-waste dismantling 
workshops in southern PR China. The concentrations in watercock (Gallicrex cinerea) muscle, liver 
and  kidney  were  9.6-16.3,  13.7-54.6  and  24.5-124  ng/g  fat,  respectively.  In  carp  (Cyprinus  sp.), 
Bighead (Hypophthalmichthys nobilis) and Tilapia (Oreochromis sp.) the concentrations in liver and 
muscle were all <3.80 ng/g fat.  
In an unpublished study quoted by Klif (2010b), DBDPE was found in one sample of Thick-billed 
Murre (Uria lomvia) at a concentration of 5.81 ng/g w.w. The compound was not detected in any other Emerging and Novel BFRs in Food 
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bird investigated, nor in capelin (Mallotus villosus), ringed seal (Pusa hispida), arctic fox (Vulpes 
lagopus) or polar bear (Ursus maritimus).  
4.3.4.  Occurrence in food 
4.3.4.1.  Current occurrence of DBDPE in food: EFSA call for data 
General information on the data submitted through the call for data have been reported in section 3. 
From the total of 212 analytical results reported for DBDPE, all of them showed values <LOQ. The 
maximum UB concentration was observed in the food category “Animal and vegetable fats and oil” 
(2.27  ng/g  w.w.),  followed  by  “Eggs  and  egg  products”  (0.72  ng/g  w.w.)  and  “Meat  and  meat 
products” (0.42 ng/g w.w.). The remaining food categories showed maximum UB levels < 0.3 ng/g 
w.w. 
The  CONTAM  Panel  concluded  that  with  the  available  reported  data  a  meaningful  exposure 
assessment for the general population or specific groups of the population was not possible.   
4.3.4.2.  Previously reported literature data on DBDPE in food 
No information could be identified besides the publication by Tlustos et al. (2010) reporting on part of 
the samples as described under 4.3.4.1.    
4.3.5.  Occurrence in human samples (including human milk) 
DBDPE could not be identified above the LOD (1.03 ng/g fat) in 5 human plasma samples from 
Sweden (Karlsson et al., 2007). It was also not detected in any of the 128 serum samples from office 
cleaners, university students or policemen collected in the city of Tianjin (Northern China) (LOD, 
15 ng fat) (Zhu et al., 2009).  
Zheng et al. (2011) analysed DBDPE in human hair in several population groups, i.e. occupationally 
exposed e-waste recycling workers (n = 30), residents in an e-waste recycling area (n = 82), residents 
in one of the largest urban centers in South China (n = 29) and residents in a rural area (n = 32). The 
levels found in the e-waste recycling area (17.7 and 24.2 ng/g dry weight for residents and exposed 
workers, respectively) were similar to those found in the urban area samples (17.8 ng/g dry weight), 
and higher than those found in the rural area (9.57 ng/g dry weight). DBDPE was the main contributor 
to the total content of BFRs (including BDE-209, other PBDE congeners, PBBs, BTBPE and HBB) in 
urban and rural areas with a contribution up to 44 and 47 %, respectively. In e-waste recycling areas 
the contribution (about 28 %) was lower than that of BDE-209 (around 37 %) and similar to that of the 
sum of PBDEs (around 29 %). In the same study dust samples were analysed, and the authors reported 
a significant correlation between the concentration in hair and dust samples, indicating that dust was 
one of the primary exposure ways to this compound.  
4.3.6.  Hazard identification  
Based  on  studies  carried  out  in  Sprague  Dawley  rats  with  a  high  dose  of  DBDPE  (single 
administration of 1 000 mg/kg b.w.) the Environment Agency, England and Wales (2007) reported 
that it was poorly absorbed by the oral route.  
No clinical signs, changes in clinical chemistry or haematology were observed in a study with limited 
reporting, in male and female Sprague-Dawley rats exposed (orally by gavage) to 0, 100, 320 or 
1 000 mg/kg  b.w.  per  day  for  90  consecutive  days  (Hardy  et  al.,  2002).  Statistically  significant 
differences were only found between control and female rats dosed 1 000 mg/kg b.w. in absolute and 
relative liver weights. There was insufficient information available to the CONTAM Panel to identify 
a no-observed adverse effect level (NOAEL). Emerging and Novel BFRs in Food 
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No evidence of maternal toxicity, developmental toxicity or teratogenicity was reported in rats and 
rabbits treated with DBDPE at dose levels up to 1 250 mg/kg b.w. per day from gestation day (GD) 6 
to GD15 for rats and GD6 to GD18 for rabbits (Hardy et al., 2010). 
In the study by Wang et al. (2010b), male rats were orally administered 100 mg/kg b.w. per day of 
DBDPE for 90 days. No significant changes in body, liver and kidney weight or relative liver and 
kidney weight were observed; however, DBDPE induced changes in clinical parameters (suppression 
of aspartate aminotransferase, alkaline phosphatase and creatinine, increase in total bile acids). The 
CONTAM Panel considered these effects toxicologically nonsignificant. In the same study (Wang et 
al., 2010b), a significant increase in the triiodothyronine (T3) level was found in the DBDPE-treated 
group suggesting that DBDPE can alter  thyroid hormone homeostasis. The CYP3A2  mRNA was 
slightly increased in liver tissue, but other Phase 1 biotransformation enzymes (CYP1A1, CYP2B1, 
CYP2B2) were not affected at the mRNA level (Wang et al., 2010b). These data indicate that DBDPE 
may  induce  pregnane  X  receptor  (PXR)-dependent  gene  expression  (induction  of  CYP3A 
biotransformation  enzymes),  but  no  arylhydrocarbon  receptor  (AhR)-  and  constitutive  androgen 
receptor (CAR)-dependent gene expression and consequent possible adverse effects.  
DBDPE suppressed hatching success of zebrafish eggs (Nakari and Huhtala, 2010). In rainbow trout 
and brown trout hepatocytes DBDPE increased vitellogenin synthesis, a marker of estrogenic effects, 
inhibited CYP1-dependent monooxygenase activity and increased the activity of UGT (Nakari and 
Huhtala, 2010). DBDPE (0.1 and 0.2 µM) induced AhR-regulated CYP1A4 and CYP1A5 mRNA in 
primary culture of chicken embryonic hepatocytes (Egloff et al., 2011).  
DBDPE was not genotoxic in bacterial assays (Ames/Salmonella typhimurium and Escherichia coli 
WP2 reverse mutation assays) and no chromosomal aberrations were reported in Chinese hamster lung 
cells (Hardy et al., 2010). Emerging and Novel BFRs in Food 
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4.4.  4-(1,2-DIBROMOETHYL)-1,2-DIBROMOCYCLOHEXANE (DBE-DBCH) 
4.4.1.  Chemical characteristics 
Basic information on DBE-DBCH is given in Table 5. Four DBE-DBCH stereoisomers (ʱ-, β-, γ- and 
ʴ-DBE-DBCH) have been described (Arsenault et al., 2008). Each of the four stereoisomers forms 
enantiomeric pairs. ʱ-DBE-DBCH and β-DBE-DBCH are the two isomers present in the commercial 
product, both being transformed at elevated temperatures to the γ-DBE-DBCH and ʴ-DBE-DBCH 
isomers (Arsenault et al., 2008). Further, each one of the bromine atoms are expected to be eliminated 
resulting in the formation of unsaturated dehydrobrominated transformation products of DBE-DBCH. 
Table 5:   Chemical  structure  of  4-(1,2-dibromoethyl)-1,2-dibromocyclohexane  and  some  basic 
information on this emerging BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
DBE-DBCH 
DiBEt-DiBcH 
TBEC, TBECH; BrCyHx 
IUPAC name  1,2-Dibromo-4-(1,2-dibromoethyl)- cyclohexane 
Common names  1-(1,2-Dibromoethyl)-3,4-dibromocyclohexane  
Trade names  Saytex
® BCL 462; Citex BCL 462 
CAS No  3322-93-8 
MW  427.8 
Log Kow  4.82 
Koc  10 000 
Vapour pressure (Torr)  2.23 × 10
-5 
  
4.4.2.  Methods of analysis 
DBE-DBCH can be analysed using the same (multi)methods as for BTBPE and DBDPE and other 
BFRs (see e.g. Section 4.2.2. and 4.3.2.). Details on all aspects of the analytical methods can be found 
in comprehensive reviews by Covaci et al. (2011) and Papachlimitzou et al. (2012).  
DBE-DBCH  consists  of  four  stereoisomers,  of  which  β-DBE-DBCH  predominates  in  biological 
samples. All four stereoisomers can be separated by GC-MS (Kolic et al., 2009). Arsenault et al. 
(2008) observed interconversion of ʱ- and β-DBE-DBCH to γ- and ʴ-DBE-DBCH. Tomy et al. (2008, 
as cited in Papachlimitzou et al., 2012) found co-elution of the β-isomer with BDE-15 on a short 
GC-column.  Although  longer  columns  may  resolve  this  problem,  this  may  result  in  increased 
interconversion of the isomers due to longer residence time in the GC column at high temperatures. 
Geens  et  al.  (2010)  performed  an  investigation  on  the  stability  of  DBE-DBCH  under  clean-up 
conditions. They found that DBE-DBCH degraded on basic silica clean-up columns, but DBE-DBCH 
was stable on acid silica and Florisil
® columns.  
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Concerning QC, QA, interlaboratory studies and CRMs, there are no specific details for DBE-DBCH 
other than already mentioned in Section 4.1.2. 
4.4.3.  Sources, use and environmental fate  
Technical grade DBE-DBCH consists of near equimolar amounts of ʱ- and β-DBE-DBCH, whereas γ- 
and ʴ- DBE-DBCH appear in the technical mixture when heated at temperatures above 120 °C (Tomy 
et al., 2008). 
DBE-DBCH is used as an additive flame retardant mainly in polystyrene and polyurethane products 
(Arsenault et al., 2008) and in electrical cable coating and some construction materials (de Wit et al., 
2010). No information on the current global production has been identified, but production for the 
years  1986,  1990,  1994, 1998  and  2002  between  4.5  to  226 tonnes  per  year  have  been  reported 
(Germill, 2010). 
It has been identified in one sediment sample collected in 1996 from the dry channel near a discharge 
pipe of a VCM/PVC plant near Haifa, Israel (Santillo et al., 1997, as cited by Covaci et al., 2011).  
Rattfelt Nyholm et al. (2010) reported biota-soil accumulation factors for earth worm (Eisenia foetida) 
to vary with exposure (10 to 10 000 nmol/g soil) from 2 to 6.  
DBE-DBCH  (sum  of  ʱ-,  β-,  γ-  and  ʴ-isomers)  was  analysed  in  eggs  from  herring  gull  (Larus 
argentatus) collected from seven colonies in the Great Lakes between 1982 and 2006 (Gauthier et al., 
2009). DBE-DBCH was found in eggs from all colonies with concentrations ranging from 0.11 to 
0.54 ng/g w.w. (collection year 2006). The maximum concentration of DBE-DBCH was 3.4 ng/g w.w. 
The authors reported no obvious temporal trends at any of the colonies for the studied period. The 
isomer profile in the egg samples was dominated by the β-isomer. The γ- and ʴ-isomers were also 
detected  in  the  samples,  but  according  to  the  authors  this  was  most  likely  the  result  of  thermal 
isomerisation in the injection port. 
In a study by Tomy et al. (2008), DBE-DBCH was analysed in 29 Arctic beluga (Delphinapterus 
leucas) samples. The ʱ-isomer was not detected in any of the samples but β-DBE-DBCH was detected 
in 17 samples in concentrations ranging from 1.1 to 9.3 ng/g fat. These levels were approximately 
8 times lower than the levels of PBDEs (sum of 17 congeners) but higher (4-fold) than those of 
HBCDDs (sum of isomers). The presence of other DBE-DBCH isomers could not be confirmed in the 
extracts.   
4.4.4.  Occurrence in food 
No information could be identified, although the observations in wildlife (see above), particularly in 
fish, indicate that DBE-DBCH might also be present in food. 
4.4.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.4.6.  Hazard identification  
DBE-DBCH was dose-relatedly transferred to zebrafish eggs after exposure of fish to a mixture of 
eleven BFRs via feed containing 10 or 100 nmol of each individual compound per gram dry weight, at 
about 2 % of their body weight per day, for up to 42 days (Rattfelt Nyholm et al., 2008). Rattfelt 
Nyholm et al. (2009) studied the uptake of DBE-DBCH in zebrafish (Danio rerio) dietary exposed to 
a mixture of eleven different BFRs at concentrations of either 1 or 100 nmol/g feed for 42 days, 
followed by an elimination period of 14 days. They found a DBE-DBCH uptake efficiency of 60 % 
and estimated the half-life to be 0.9-1.3 days.  Emerging and Novel BFRs in Food 
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Juvenile brown trout (Salmo trutta) were exposed to three concentrations of DBE-DBCH β-isomer via 
their diet (2.02 (low), 14.7 (medium) and 118.4 (high) pmoles/g fat at a feed ration of 1 % of their 
b.w.) three times per week. The dosing period was 56 days followed by a 77 days depuration phase. 
Fish were sampled on days 0, 7, 14, 21, 35, 49, 56, 63, 77, 91, 105 and 133. Liver, plasma, lower jaw 
(i.e. thyroid tissue) and gonad were collected and the remaining tissue („whole-fish‟) was retained. 
Liver  and  gonad  somatic  indices  were  not  affected  by  the  treatment.  There  were  no  significant 
differences in circulating plasma 17β-estradiol, testosterone and 11-ketotestosterone levels between 
the treatment groups. Uptake increased dose-dependently, and depuration half-lives in the range of 
13 to 22 days were calculated in fish. Debrominated metabolites were not detected in liver or whole-
fish extracts, and there was no evidence of isomerisation of the β-isomer to other isoforms in vivo 
(Gemmill et al., 2010). In a follow-up study using the same dose levels, Park et al. (2011) reported a 
significant reduction in total plasma thyroxine in the high dose group and a significant increase in 
mean  thyroid  epithelial cell  height in the  low,  medium,  and  high  dose  groups.  These  differences 
disappeared at the end of the depuration phase. The growth of the fish was not affected.  
Larsson et al. (2006) investigated androgen receptor (AR) activation by brominated flame retardants 
by experimental analysis and theoretical modelling of ligand docking, AR binding, and AR activation 
in comparison with human dihydrotestosterone (DHT) in the human hepatocellular carcinoma cell line 
(HepG2).  They  found  that  DBE-DBCH  bound  to  and  activated  the  human  AR.  The  IC50  of 
DBE-DBCH binding was 163 nM, and for DHT 18.5 nM. In HepG2 cells transiently transfected with 
AR and a luciferase reporter gene, the androgenic activity of DHT was 25-fold higher than that of 
DBE-DBCH. The addition of a 100-fold excess of the known androgen antagonist flutamide, together 
with DBE-DBCH, gave a 60 % reduction in the luciferase signal. Co-exposure of DHT (1 nM) and 
BCH (1 μM) resulted in an additive response.  
Khalaf et al. (2009) found that the γ- and ʴ-diastereomers of DBE-DBCH were more potent activators 
of AR than the ʱ- and β-diastereomers in HepG2 cells. Both the γ- and ʴ-diastereomer activated AR at 
concentrations  that  are  comparable  to  those  of  DHT,  and  with  similar  potency  as  DHT.  All 
diastereomers activated the AR in the human prostate cell line LNCaP, and comparably increased 
expression of prostate specific antigen (PSA). The AR in this cell line contains a mutation in the 
ligand binding domain which is commonly present in prostate cancers. This mutation enables the 
β-DBE-DBCH diastereomer to bind with a closer distance than to the intact AR, which might explain 
the higher relative potency. 
DBE-DBCH was reported to be mutagenic in the absence of metabolic activation in a L1578Y tk+/tk-
mouse lymphoma-cell forward-mutation assay (McGregor et al., 1991). Emerging and Novel BFRs in Food 
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4.5.  5,6-DIBROMO-1,10,11,12,13,13-HEXACHLORO-11-TRICYCLO[8.2.1.02,9]-
TRIDECENE (DBHCTD) 
4.5.1.  Chemical characteristics  
Basic  information  on  DBHCTD  is  given  in  Table  6.  DBHCTD  is  a  tricycloaliphatic  compound 
holding both bromine and chlorine substituents. The abiotic stability of the compound is not known 
but most likely it is a stable compound. It can form 10 stereoisomers among which six form pairs of 
enantiomers. 
Table 6:   Chemical  structure  of  5,6-dibromo-1,10,11,12,13,13-hexachloro-11-tricyclo[8.2.1.02,9] 
tridecene and some basic information on this emerging BFR.  
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
DBHCTD 
DiBHxC-TrcTrDen 
HCDBCO 
IUPAC name 
7,8-Dibromo-1,2,3,4,11,11-hexachloro-1,4,4a,5,6,7,8,9,10,10a-decahydro-
1,4-methanobenzocyclooctane 
Common names 
 
5,6-Dibromo-1,10,11,12,13,13-hexachloro-11-tricyclo[8.2.1.02,9]tridecene 
7,8-Dibromo-1,2,3,4,11,11-hexachloro-1,4,4a,5,6,7,8,9,10,10a-decahydro-
1,4-methanobenzo[8]annulene
(a) 
Hexachlorocyclopentadienyl-dibromocyclooctane 
Trade names 
 
Saytex
® BC 26; Citex BC 26 
 
CAS No  51936-55-1 
MW  540.76 
Log Kow  7.62 
Koc  3.32 × 10
5 
Vapour pressure (Torr)  6.20 × 10
-9 
(a):  Name as suggested by ChemDraw. 
4.5.2.  Methods of analysis 
DBHCTD can be analysed using the same methods as for BTBPE and DBDPE (see Section 4.2.2. and 
4.3.2.). Details on all aspects of the analytical methods can be found in comprehensive reviews by 
Covaci  et al. (2011)  and Papachlimitzou  et  al.  (2012).  Briefly,  DBHCTD  can  be  extracted  using 
toluene (Kolic et al., 2009) or mixtures of solvents (e.g. hexane-acetone). Clean-up is done by GPC 
combined with silica column fractionation, multilayer silica column, silica gel and Florisil
®. Ali et al. 
(2011a) used a combination of activated silica and acid-silica columns for clean-up of dust samples. 
DBHCTD elutes in the first fraction on silica  columns (Ali et al., 2011a), together with PBDEs. 
Automated clean-up systems have also been employed using a silica and a subsequent carbon column 
(Kolic et al., 2009). Instrumental analysis is performed by GC-ECNI-MS, GC-EI-MS, GC-EI-HRMS 
(Kolic et al., 2009), LC-APPI-MS, LC coupled with tandem MS using atmospheric pressure chemical 
ionisation (LC-APCI-MS). DBHCTD consists of two enantiomers (Riddell et al., 2008). No studies 
were identified that attempted the chromatographic separation and determination of these enantiomers.  
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Concerning QC, QA, interlaboratory studies and CRMs, there are no specific details for DBHCTD 
other  than  those already mentioned in  Section  4.1.2.  It  should  be  noted  that  DBHCTD  has  been 
detected in field and laboratory blanks (Zhu et al., 2008), making it a challenge to achieve low pg/g 
detection limits. Riddell et al. (2008) demonstrated that DBHCTD may degrade (by debromination) in 
GC injector temperatures > 200°C. 
4.5.3.  Sources, use and environmental fate  
Zhu et al. (2008) identified DBHCTD in residential indoor dust at a mean concentration of 1 600 ng/g 
dust (LOD 0.12 ng/g) and a maximum concentration of 93 000 ng/g dust. In residential indoor air the 
mean concentration was 240 pg/m
3 (LOD, 5 pg/m
3) and the maximum concentration, 3 000 pg/m
3.  
Ali et al. (2011b) studied brominated flame retardants in dust, sampled in schools and offices in 
Belgium and the UK. DBHCTD was not detected in any of the 81 samples (LOD, 2 ng/g dust). Dirtu 
et al. (2011) analysed DBHCTD in indoor dust samples (n = 47) in Romania. DBHCTD was not found 
in any of these samples. The LOD was not specified.   
Lam et al. (2009) studied temporal trends of different flame retardants in marine mammals (Indo-
Pacific  humpback  dolphin  (Sousa  chinensis)  and  Finless  porpoises  (Neophocaena  phocaenoides)) 
found stranded in the Hong Kong area but did not demonstrate the occurrence of DBHCTD in these 
samples (n = 50) above an LOD of 0.04 ng/g fat. 
Zhou et al. (2010) analysed 22 fish samples collected in the five Great Lakes and from two lakes in 
Canada by using LC-APPI-MS/MS. DBHCTD was not found above the LOQ (0.39 ng/g w.w.) in any 
of the samples.     
4.5.4.  Occurrence in food 
No information could be identified, although the observations in wildlife (see above), particularly in 
fish, indicate that DBHCTD might also be present in food. 
4.5.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.5.6.  Hazard identification  
RNA expression levels of 11 transcripts that have been shown to be regulated by HBCDDs were 
evaluated in chicken embryonic hepatocytes and in chicken embryos after exposure to DBHCTD. 
Neither cell viability (up to a concentration of 30 μM) nor embryonic hatching success (up to 10 μg/g 
nominal  dose)  were  affected.  DBHCTD  (10  μM)  induced  CYP2H1  (a  phenobarbital  inducible 
enzyme)  and  CYP3A37,  while  CYP1A4  and  CYP1A5  were  down-regulated  at  all  tested 
concentrations in chicken embryonic hepatocytes, indicating a possible suppression of AhR-dependent 
gene expression. Transthyretin was down-regulated by DBHCTD in embryonic liver (Egloff et al., 
2011). Emerging and Novel BFRs in Food 
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4.6.  2-ETHYLHEXYL 2,3,4,5-TETRABROMOBENZOATE (EH-TBB) 
4.6.1.  Chemical characteristics  
Basic information on EH-TBB is given in Table 7. EH-TBB has one chiral centre, the C2 in the 2-
ethylhexyl group, i.e. the compound forms a pair of enantiomers. The key functional group of EH-
TBB is the ester. Esters like EH-TBB are quite stable under environmental neutral pH conditions. 
Table 7:   Chemical  structure  of  2-ethylhexyl  2,3,4,5-tetrabromobenzoate  and  some  basic 
information on this emerging BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
EH-TBB 
EtH-TeBBzo 
TBB; EHTeBB 
IUPAC name  2,3,4,5-Tetrabromobenzoic acid 2-ethylhexyl ester 
Common names   2-Ethylhexyl 2,3,4,5-tetrabromobenzoate 
Trade names  Firemaster 550; Firemaster BZ-54 
CAS No  183658-27-7 
MW  549.92 
Log Kow  7.73 
Koc  3.8 × 10
5 
Vapour pressure (Torr)  2.78 × 10
-9 
(a):  Firemaster 550 and Firemaster BZ-54 are complex mixtures in which EH-TBB is one of the components together with 
BEH-TEBP. 
4.6.2.  Methods of analysis 
EH-TBB  can  be  analysed  using  the  same  methods  as  for  PBDEs,  BEH-TEBP  and  DBDPE  (see 
Section  4.1.2.  and  4.3.2.).  Details  on  all  aspects  of  the  analytical  methods  can  be  found  in 
comprehensive reviews by Covaci et al. (2011) and Papachlimitzou et al. (2012). Briefly, EH-TBB can 
be extracted using toluene (Kolic et al., 2009), or dichloromethane (Stapleton et al., 2008) or mixtures 
of solvents (e.g. hexane:acetone or MTBE:acetone (Nordic Council of Ministers, 2011)). Clean-up is 
done by e.g. GPC, sometimes combined with silica column fractionation, silica gel or Florisil
®. Ali et 
al. (2011a) used a combination of activated silica and acid-silica columns for clean-up of dust samples. 
EH-TBB requires more polar solvents to elute from silica and Florisil
® columns (i.e. typically elute in 
the  second  fraction).  Automated  clean-up  systems  have  also  been  employed  using  a  silica  and 
subsequent a carbon column (Kolic et al., 2009). Instrumental analysis is performed by GC-ECNI-MS, 
GC-EI-MS, GC-EI-HRMS (Kolic et al., 2009), LC-APPI-MS or LC-APCI-MS. When using short GC 
columns  (e.g.  15  m),  EH-TBB  may  co-elute  with  BDE-99,  leading  to  overestimation  in  case  of 
detection with GC-ECNI-MS (Stapleton et al., 2008). This problem may be solved by using longer 
columns. On the other hand, EH-TBB can be identified and quantified with GC-ECNI-MS based on 
more specific ions (m/z 357 and 359). 
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Concerning QC, QA, interlaboratory studies and CRMs, there are no specific details for EH-TBB 
other than already mentioned in Section 4.1.2. EH-TBB may photodegrade (i.e. debromination) as 
found by Davis and Stapleton (2009, as cited in Covaci et al., 2011). EH-TBB has been detected in 
field and laboratory blanks (Stapleton et al., 2008). 
4.6.3.  Sources, use and environmental fate  
Formation, production, uses 
EH-TBB has been found in several additive flame retardant products used as alternative formulations 
to replace PBDE mixtures. It is one of the two major components (35 %) of Firemaster 550, used as a 
replacement for PentaBDE in polyurethane foam applications (de Wit et al., 2011), and of Firemaster 
BZ-54 (70 %) (Ma et al., 2011). In both commercial products BEH-TEBP (see Section 4.1.) is also 
present (de Wit et al., 2011; Ma et al., 2011). According to Stapleton et al. (2008), the EH-TBB/BEH-
TEBP ratio observed in the Firemaster 550 commercial mixture is generally 4:1 by mass. Stapleton et 
al. (2011) studied the combined occurrence of both compounds in foam samples taken from different 
baby products, e.g. car seats, changing table pads sleep positioners, mattresses and pillows. In total, 
101 samples were analysed and 17 samples contained more than 1 mg/g of the combination of EH-
TBB and BEH-TEBP with a mean concentration of 18.51 and a range of 5.85-42.5 mg/g foam. It was 
also  found  that  all  samples  containing  EH-TBB  and  BEH-TEBP  also  contained 
triphenylpolyphosphate, which is another ingredient in Firemaster 550. 
No production figures for EH-TBB have been found, although it is produced in the USA, according to 
Hoh et al. (2005) and Stapleton et al. (2008). 
Air and dust 
EH-TBB was detected in ambient air in all but one of the nine samples collected in Denmark, Norway 
and Sweden at concentrations ranging from 0.1 to 1.4 pg/m
3, with the highest concentration in a 
sample of urban origin (Oslo) (Nordic Council of Ministers, 2011). In the same study, two out of three 
Norwegian indoor air samples were shown to contain 2.7-6.7 pg/m
3, whereas the remaining sample 
was below the LOD (1.2 pg/m
3). 
Stapleton et al. (2008) analysed dust samples (n = 19) from homes in Boston (USA) collected in 2006 
and found a median concentration of EH-TBB of 133 ng/g (range: < 6.6-15 030 ng/g). The ratio 
between  EH-TBB  and  BEH-TEBP  in  dust  ranged  from  0.05  to  50  (average  4.4),  and  differed 
considerably from that of Firemaster 550, suggesting different sources and/or differences in their fate 
and transport within the home. Analysis of paired dust samples collected from different rooms in the 
same home suggested that EH-TBB and BEH-TEBP (as well as HBCDDs) were higher in dust from 
the main living areas compared to dust collected in bedrooms. The same authors reported a mean 
concentration of 840 ng/g (range: < 450-75 000 ng/g) in house dust samples (n = 50) from the same 
area collected in the period 2002-2007 (Stapleton et al., 2009).  
Ma et al. (2011) reported the concentration of EH-TBB in 570 air samples at six sites near the shores 
of the North American Great Lakes collected from 2008 to 2010. The sampling sites consisted of two 
urban sites, a rural site and three remote sites. Atmospheric vapour and particle phases were collected 
separately. EH-TBB was not detected in the atmospheric vapour samples, but was present in most of 
the particle phase samples from the urban sites (range: 0.50-55 pg/m
3), and in half of the remote sites 
samples (range: 0.050-7.5 pg/m
3). The authors assessed the temporal trend and concluded that the 
concentrations of EH-TBB (and BEH-TEBP) are increasing rapidly in the atmosphere (doubling time 
(years): 1.1 ± 0.1 at the urban sites and 1.6 ± 0.3 at the rural and remote sites).     
Ali et al. (2011b) reported the levels of EH-TBB in dust samples collected in Belgian homes (n = 39) 
and offices (n = 6), and in UK child-care centre and primary school classrooms (n = 36) in 2007 and 
2008. The median (min-max) concentrations were 1 (< 2-436) ng/g dust, 7 (< 2-31) ng/g dust and 25 Emerging and Novel BFRs in Food 
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(< 2-289) ng/g dust, respectively. The typical (median) exposure via high dust ingestion was 0.08 and 
0.01 ng/kg b.w. per day for toddlers and adults, respectively. 
Dirtu et al. (2011) reported a median concentration of 5 ng/g in indoor dust samples (n = 47) from an 
urban area in Eastern Romania.     
In a study initiated by the Nordic Council of Ministers (2011), EH-TBB was detected in 3 out of 
12 sediment  samples  from  Denmark,  the  Faroe  Islands,  Finland,  Norway  and  Sweden  at 
concentrations ranging from 0.046 to 0.21 ng/g dry weight. In the same study, EH-TBB was detected 
in 10 out of 15 sewage sludge samples from the Nordic countries at concentrations ranging from 
<0.045 to 2.6 ng/g dry weight. The highest concentrations were found in sludge collected in Finland. 
EH-TBB could not be detected in two moss samples (Hylocomium splendens) from the Faroe Islands 
above the LOD of 0.002 and 0.003 ng/g dry weight. 
Occurrence in wildlife 
In the study initiated by the Nordic Council of Ministers (2011), EH-TBB was detected in three out of 
four Guillemot (Uria aalge) egg samples from the Faroe Islands and Sweden at concentrations up to 
0.18 ng/g w.w. In the same study EH-TBB was quantified in one (Norwegian) out of five cod (Gadus 
morhua) liver samples from the Faroe Islands, Iceland and Norway at 0.12 ng/g w.w. (LOD: 0.011-
0.06 ng/g w.w.).  
Zhou et al. (2010) analysed 22 fish samples collected in the five Great Lakes and from two lakes in 
Canada  by  using  LC-APPI-MS/MS.  EH-TBB  was  found  above  the  LOQ  (0.0061  ng/g  w.w.)  in 
7 samples, with concentrations ranging from 0.011 to 0.041 ng/g (mean: 0.029 ng/g w.w.).            
Lam et al. (2009) determined EH-TBB in blubber samples of Indo-Pacific humpback dolphins (Sousa 
chinensis) and finless porpoises (Neophocaena phocaenoides) found stranded in the area of Hong 
Kong. The concentrations found in both species (50 samples in total) ranged from < 0.04 (instrumental 
LOD) to 70 ng/g fat.  
4.6.4.  Occurrence in food 
No information could be identified, although the observations in wildlife (see above), particularly in 
fish, indicate that EH-TBB might also be present in food. 
4.6.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.6.6.  Hazard identification  
No experimental data on the individual compound EH-TBB could be identified. 
Because EH-TBB has been reported to be an important component of Firemaster 550 and Firemaster 
BZ-54, the CONTAM Panel considered a study where fathead minnows (Pimephales promelas) were 
exposed to Firemaster 550 and Firemaster BZ-54 in feed for 56 days, followed by a 22 days recovery 
period on control feed (total duration 78 days) (Bearr et al., 2010). The daily intake per fish was 
150 mg BEH-TEBP and 330 mg EH-TBB via the Firemaster 550 feed, and 180 mg BEH-TEBP and 
420  mg  EH-TBB  via  the  Firemaster  BZ-54  feed.  Fish  were  sampled  on  days  14,  28,  56  and 
78 (recovery). In Firemaster BZ-54-fed fish, concentrations in whole fish (without liver) were up to 
800 ng of EH-TBB and 1 075 ng of BEH-TEBP. This represented 0.59 and 0.19 % of the daily dosage 
for BEH-TEBP and EH-TBB in the feed, respectively. Elevated concentrations of both compounds 
and their metabolites were found in exposed fish measured after removal of the liver.  
Fish weight and length were not significantly affected at any sampling time point. Blood and liver 
samples were investigated for DNA-strand breaks by the comet assay. No effects were found in blood Emerging and Novel BFRs in Food 
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cells. However, a significantly increased percent tail DNA in liver cells (1.8 to 6.3-fold the controls) 
was observed in all three exposure time points with Firemaster 550, and on days 28 and 56 with 
Firemaster BZ-54, but not after 22 days of recovery (Bearr et al., 2010). Emerging and Novel BFRs in Food 
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4.7.  HEXABROMOBENZENE (HBB) 
4.7.1.  Chemical characteristics 
Basic information on HBB is given in Table 8. HBB is a fully aromatic perbrominated compound. It 
may undergo nucleophilic aromatic substitution with strong nucleophiles and reductive debromination 
under environmental conditions. 
Table 8:   Chemical structure of hexabromobenzene and some basic information on this emerging 
BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
HBB 
HxBBz 
HBB; HxBrBz 
IUPAC name  1,2,3,4,5,6-Hexabromobenzene 
Common names 
Hexabromobenzene 
Perbromobenzene 
  Trade names  AFR 1001; FR-B; HBB (flame retardant); HBB-S; NSC 113975 
CAS No  87-82-1 
MW  551.49 
Log Kow  6.11 
Koc  50 300 
Vapour pressure (Torr)  8.52 × 10
-7 
  
4.7.2.  Methods of analysis 
HBB can be analysed using the same (multi)methods as for BTBPE (see Section 4.2.2). Details on all 
aspects of analytical methods can be found in comprehensive reviews by Covaci et al. (2011) and 
Papachlimitzou  et  al.  (2012).  Apart  from  these  methods,  Pena-Abaurrea  et  al.  (2011)  used  two-
dimensional gas chromatography coupled to time-of-flight mass spectrometry (GC × GC-TOF-MS) to 
identify and detect HBB in tuna samples.  
Concerning QC, QA, interlaboratory studies and CRMs, there are few specific details for HBB other 
than  already  mentioned  in  Section  4.1.2.  For  accurate  analysis,  a  mass  labelled  internal  standard 
(
13C6-HBB) is commercially available 
4.7.3.  Sources, use and environmental fate  
Formation, production, uses 
HBB has been used in Japan as an additive to paper, plastic and electronic devices. The use of HBB in 
Japan between 1994 and 2001 has been reported to be 350 tons per year (Watanabe and Sakai, 2003, 
as cited by Verreault et al., 2007; Watanabe and Sakai, 2003, as cited by Fujii et al., 2012). HBB is not 
reported to be produced in Europe (Verreault et al., 2007). 
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Gouteux  et  al.  (2006)  reported  HBB  to  be  released  from  oligomeric  BFRs,  such  as  FR-1025  (a 
pentabromobenzyl acrylate oligomer).  
Air and dust 
HBB was detected in ambient air in all but one of the nine samples collected in Denmark, Norway and 
Sweden at concentrations ranging from 0.095 to 2.3 pg/m
3, with the highest concentration found in a 
sample  of  urban  origin  (Oslo)  (Nordic  Council  of  Ministers,  2011).  In  the  same  study,  three 
Norwegian indoor air samples were shown to contain HBB at a concentration of 12-15 pg/m
3.  
Low levels, 0.02-0.09 pg/m
3 were detected in one of four air samples collected at a sampling station 
north  of  Toronto  (Canada)  (Gouteux  et  al.,  2008).  Tian  et  al.  (2011b)  studied  the  occurrence  of 
Tetrabromo-3,6-dimethylbenzene (TBX) and other BFRs in the atmosphere in Southern China, and 
found  that the  levels  of  HBB  were  <  5  %  of  the  total  amount  of  BFRs  in  the  atmosphere. The 
concentrations were higher close to an e-waste site and lower in urban environments and even lower at 
rural sites. The concentrations of HBB at the e-waste site (gas and particle bound combined) were 
4.47-559 pg/m
3, with an arithmetic mean of 138 pg/m
3. The corresponding concentrations at the rural 
site were 0.42-13.9 pg/m
3, with an arithmetic mean of 4.49 pg/m
3. The concentrations of HBB in 
indoor air in Tokyo offices and homes were < 470-950 pg/m
3 and <470-710 pg/m
3. HBB could not be 
detected in ambient air from the same sites (Saito et al., 2007).   
Möller et al. (2011) studied HBB in air and sea water sampled in the European Arctic and reported 
concentrations in air to be 0.04-0.66 pg/m
3 (gaseous) and 0.001-0.005 pg/m
3 (particulate). In sea water 
the concentrations were < 0.0002-0.003 pg/L (dissolved) and < 0.001-0.002 pg/L (particulate). The 
concentrations and spatial trends of HBB were similar to PBDEs indicating common sources and 
similar potentials for long-range atmospheric transport (LRAT). The origin of HBB in the Arctic 
environment is unclear but degradation of BDE-209 could be a possible explanation.   
From  2005  to  2009  Salamova  and  Hites  (2011)  analysed  HBB  in  air  (vapour  and  particles)  and 
precipitation samples at five stations belonging to the US Integrated Atmospheric Deposition Network 
around the Great Lakes. Two of these sites were urban (Chicago, Illinois, and Cleveland, Ohio), one 
rural site (Sturgeon Point, New York) and two remote sites (Sleeping Bear Dunes, and Eagle Harbor, 
Michigan). The highest mean concentration in vapour and particle samples from the urban sites was 
1.1 pg/m
3 and 0.4 pg/m
3, respectively. The highest concentration in the precipitation samples (rain and 
melted  snow)  was  0.2  ng/L.  At  the  rural  site  the  corresponding  concentrations  were  6.4  pg/m
3, 
0.2 pg/m
3  and  0.3  ng/L,  respectively.  At  the  remote  sites,  the  corresponding  concentrations  were 
0.2 pg/m
3, 0.3 pg/m
3 and 0.6 ng/L, respectively. 
Wang et al. (2010b) studied brominated flame retardants in house dust from e-waste recycling and 
urban areas in South China and reported from the e-waste area a concentration range of 3.22-658 ng/g 
dust  (mean  69.3  ng/g  dust)  whereas  the  range  in  the  urban  area  was  1.95-483  ng/g  dust  (mean 
50.1 ng/g dust). These authors estimated the median and 95
th percentile human exposure (dust intake 
20 mg per day for adults, 50 mg per day for toddlers) in the e-waste area to be 0.42 and 9.41 ng per 
day for adults and 1.05 and 23.5 ng per day for toddlers. In the urban area the corresponding exposures 
were 0.36 and 6.96 ng per day for adults and 0.90 and 17.4 ng per day for toddlers. 
Sewage sludge and soil 
In the study initiated by the Nordic Council of Ministers (2011), HBB was detected in six out of 
twelve  sediment  samples  from  Denmark,  the  Faroe  Islands,  Finland,  Norway  and  Sweden  at 
concentrations ranging from 0.02 to 0.19 ng/g dry weight. In the same study, HBB was also detected 
in  5  out  of  15  sewage  sludge  samples  from  the  Nordic  countries at  concentrations ranging  from 
0.019 to 0.2 ng/g dry weight. The highest concentrations were found in sludge collected in Iceland. 
HBB  could  be  detected in  two  moss  samples  (Hylocomium  splendens)  from  the  Faroe  Islands at 
0.0076 and 0.011 ng/g dry weight.  Emerging and Novel BFRs in Food 
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Körner et al. (2011) found HBB in sewage sludge samples from Bavaria collected in 2008 and 2009. 
The concentrations for 2008 ranged from 0.005 (LOD) to 0.194 ng/g dry weight, with a mean of 
0.034 ng/g  dry  weight.  The  corresponding  concentrations  for  2009  ranged  from  0.047  (LOD)  to 
0.329 ng/g dry weight with a mean of 0.124 ng/g dry weight. 
Occurrence in wildlife 
In  the  study  initiated  by  the  Nordic  Council  of  Ministers  (2011),  HBB  was  detected  in  all  four 
Guillemot (Uria aalge) egg samples from the Faroe Islands and Sweden at concentrations ranging 
from 0.023 to 0.03 ng/g w.w. In the same study HBB was quantified in all five cod (Gadus morhua) 
liver samples from the Faroe Islands, Iceland and Norway at concentrations of 0.03-0.072 ng/g w.w.  
Verreault et al. (2007) examined the levels of HBB in egg yolk (n = 31) and plasma samples of male 
(n = 19) and female (n = 30) glaucous gulls (Larus hyperboreus) collected in 2006 in the Norwegian 
Arctic. The concentrations in egg yolk ranged from 0.42 to 2.64 ng/g w.w., while the levels in male 
and female plasma ranged from < 0.06 to 0.15 ng/g w.w.   
Pools of eggs from seven colonies of herring gulls (Larus argentatus) from the Laurentian Great 
Lakes of North America collected between 1982 and 2006 were analysed for a number of BFRs 
(Gauthier et al., 2007, 2009). HBB was detected in all samples (range 0.10-3.9 ng/g w.w.), although at 
much lower levels than the PBDEs. Comparable levels in eggs from across the Great Lakes suggest 
common origin of exposure, possibly via atmospheric transport. Arp et al. (2011) analysed fish liver, 
crab and blue mussel samples from three sites in Norway, but HBB could not be identified above the 
LOQ (0.1 ng/g w.w.).   
Six pooled samples of juvenile common sole (Solea solea) from three nursery zones along the French 
Atlantic coast collected in 2003 and 2004 were analysed for a number of BFRs (Munschy et al., 2007). 
HBB was detected in all samples (muscle) with concentrations ranging from 0.03 to 4.3 ng/g fat. In a 
further study, the same authors analysed muscle and liver of the same species (Solea solea) collected 
in 2007, 2008 and 2009 from the same three nursery zones plus an additional one (Munschy et al., 
2011). The mean HBB concentrations in muscle ranged from 0.9 pg/g w.w. to 2.8 pg/g w.w. (or 0.5 to 
1.4 ng/g fat), while in liver higher levels were found ranging from 3.9 pg/g w.w. to 54.3 pg/g w.w. (or 
0.1 to 5.3 ng/g fat).   
Byer et al. (2010) collected 58 eels in 2007 and 2008 from seven locations throughout eastern Canada. 
All eel samples (whole fish homogenates) were scanned for a number of organobromine compounds. 
HBB was quantified in just 14 % of the samples (8 of 58) and the concentrations ranged from 0.09 to 
5.7 ng/g fat. 
In a study by Wu et al. (2010) in an e-waste area, mean concentrations of HBB in three different 
species of fish Mud carp (Cirrhinus molitorella) (n = 12), Crucian carp (Carassius auratus) (n = 18) 
and Northern snakehead (Ophicephalus argus) (n = 6)) were reported to range from 680 to 2 451 ng/g 
fat. The same authors also analysed two invertebrate species, Chinese mysterysnail (Cipangopaludina 
chinensis) (n = 43) and a prawn (Macrobrachium nipponense) (n = 7) and one reptile, Chinese Water 
Snake (Enhydris chinensis) (n = 2). The mean concentrations in these species were found to be 298, 
197 and 3 099 ng/g fat, respectively. Based on these observations Wu et al. (2011) calculated log 
BAFs in the range of 3.31 to 5.54, indicating a very high bioaccummulation of HBB in these aquatic 
species. 
Zhou et al. (2010) analysed 22 fish samples collected in the five Great Lakes and from two lakes in 
Canada by using LC-APPI-MS/MS. HBB was not found above the LOQ (0.0045 ng/g w.w.) in any of 
the samples.      Emerging and Novel BFRs in Food 
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HBB  was  detected  in  adipose  tissue  of  polar  bears  (n = 165)  from  Alaska,  the  Canadian  Arctic, 
Hudson Bay and the European Arctic, at detection frequencies of about 17 %, 45 %, 33 % and 100 %,  
respectively, with levels < 3 ng/g fat (McKinney et al., 2011). 
4.7.4.  Occurrence in food 
4.7.4.1.  Current occurrence of HBB in food: EFSA call for data 
General information on the data submitted through the call for data have been reported in section 3. 
From the total of 215 analytical results reported for HBB, all of them showed values <LOQ. The 
maximum UB level was observed in the food category “Animal and vegetable fats and oil” (0.26 ng/g 
w.w.) and the remaining food categories showed maximum UB levels < 0.01 ng/g w.w. 
The CONTAM Panel concluded that the available reported data did not allow a meaningful exposure 
assessment for the general population or specific groups of the population.   
4.7.4.2.  Previously reported literature data on HBB in food 
No information could be identified besides the publication by Tlustos et al. (2010) reporting on part of 
the samples as described under 4.7.4.1. 
4.7.5.  Occurrence in human samples (including human milk) 
Fujii et al. (2012) analysed HBB in human milk samples (n = 40) from mothers living in Japan. HBB 
was detected in all samples but one, with a median and mean concentration of 0.32 and 0.53 ng/g fat, 
respectively  (middle  bound  approach,  LOQ  0.05  ng/g  fat).  The  authors  reported  that  the  HBB 
concentrations  were  positively  correlated  with  BDE-153  levels.  A  metabolite  of  HBB,  1,2,4,5-
tetrabromobenzene, was also analysed and detected in all samples at a median and mean concentration 
of 2.1 and 2.5 ng/g fat. The levels were not correlated with HBB concentrations. Although the authors 
had no information on the presence of this metabolite as a component in commercial products, they 
concluded that the sources of 1,2,4,5-tetrabromobenzene may be partly different from that of HBB. In 
a  previous  study  concentrations  of  HBB  in  human  adipose  tissue  (n = 3)  ranging  from  0.35  to 
0.65 ng/g  w.w.  were  reported,  while  the  levels  of  1,2,4,5-tetrabromobenzene  ranged  from  1.3  to 
3.4 ng/g w.w. Traces of pentabromobenzene (≤ 0.2 ng/g w.w.) were also detected (Yamaguchi et al., 
1988). 
HBB  was  identified  in  26  out  of 128 serum  samples  from  office cleaners,  university  students  or 
policemen collected in the city of Tianjin (Northern China) in 2006 (Zhu et al., 2009). The levels 
ranged from 0.11 to 1.50 ng/g fat, with a median and mean concentration of 0.27 and 0.46 ng/g fat, 
respectively (LOD, 0.01 ng/g fat).  
Zheng et al. (2011) analysed HBB in human hair in several population groups, i.e. occupationally 
exposed e-waste recycling workers (n = 30), residents in an e-waste recycling area (n = 82), residents 
in one of the largest urban centers in South China (n = 29) and residents in a rural area (n = 32). The 
mean levels found at the e-waste recycling area (1.12 and 2.12 ng/g dry weight for residents and 
exposed  workers,  respectively)  were  higher  than  those  found  in  urban  and  rural  areas  (0.16  and 
0.17 ng/g dry weight, respectively). 
4.7.6.  Hazard identification  
Female Wistar rats (number not reported) were administered HBB (16.6 mg/kg b.w.) by gavage in 
olive oil every other day for 2 weeks (Koss et al., 1982). Urine and faeces were collected within 24h 
after the last dose of HBB. Faeces samples were hydrolysed either in 0.1 N HCl or in 0.1 N NaOH. 
Alkaline solutions were acidified and all hydrolysates were extracted in benzene. Urinary and faecal 
extracts were analysed by GC-MS after derivatisation with diazomethane. Excreta from a control 
group were used as reference. Analysis of faecal samples showed the presence of unchanged HBB 
(about 10 % of total brominated compounds), but also revealed the formation of pentabromobenzene, Emerging and Novel BFRs in Food 
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suggesting  a reductive  debromination  pathway  of HBB.  Pentabromoanisole was  also  identified  in 
faecal  extracts,  indicating  the  occurrence  of  an  oxidative  pathway  leading  to  pentabromophenol. 
Another pathway, resulting in the substitution of bromine atoms by sulphur atoms, probably through 
glutathione conjugation, and leading to pentabromothiophenol and pentabromothioanisole, was also 
demonstrated (Koss et al., 1982). These metabolites were also detected in urine, but at much lower 
concentrations. 
The  distribution  and  elimination  of  HBB  were  investigated  in  male  Wistar  rats  (100-150  g) 
administered a single oral dose (0.2 mg HBB per animal) by gavage. HBB was monitored in blood and 
various tissues (Yamaguchi et al., 1986). The highest concentration in blood was found within 4 hours, 
whereas in the liver, the maximum level was observed 1 hour post-dose. One day after administration, 
maximum concentrations (approximately 5 µg/g) were observed in adipose tissue. Based on whole 
body burden values, the half-life for HBB was estimated to be 48 days (Yamaguchi et al., 1986).   
The toxicity of HBB has been tested in different species, such as rodents and birds. The reported oral 
“lowest toxic doses (TDLo)” for rats are 225 mg/kg b.w. per 3 days (biochemical effects on liver, such 
as the activation of the hepatic microsomal mixed oxidases) and 3 024 mg/kg b.w. per 12 weeks 
(giving effects on liver, enzyme inhibition, induction, or change in blood or tissue levels and on 
esterases)  (SFT,  2009).  A  single  intraperitoneal  (i.p.)  injection  of  different  doses  (600,  1  200, 
4 500 and 9 000 mg/kg b.w.) corresponding to 6.0, 12.0, 45.0 and 90.0 % of the approximate lethal 
dose (ALD) (10 000 mg/kg b.w.) induced increased malondialdehyde activity and decreased GSH in 
liver  (Szymańska,  1998).  Repeated  i.p.  administration  of  1  200  mg/kg  b.w.,  however,  caused  an 
increase in liver GSH (Szymańska et al., 1998).  
Studies in rats chronically exposed to 15, 75 or 375 mg/kg b.w. per day intragastrically have shown 
that HBB causes an increase in the sum of porphyrins in urine. Already after 1 week exposure, the 
lowest  dose  caused  an  increase  in  coproporphyrin  and  of  the  sum  of  porphyrins.  However 
uroporphyrins changed only in the fourth week of the experiment (Szymańska and Piotrowski, 2000; 
Szymańska et al., 2002).  
No activation of the AhR by HBB at a concentration of 20 µM has been found in the chemically 
activated luciferase expression (CALUX) bioassay (Brown et al., 2004). Induction of CYP1A1- and 
CYP2B-dependent monooxygenase activities have been reported in liver of rats exposed to 375 mg/kg 
b.w. per day for 7-28 days (Bruchajzer et al., 2004). Glutathione peroxidase and transferase activities 
were found to be transiently increased in female Wistar rats administered HBB intragastrically (15, 75, 
or 375 mg/kg b.w.) (Frydrych et al., 2005). 
HBB was not teratogenic when administrated to pregnant rats during GD5 to GD15 (200 mg/kg b.w. 
per day) (Khera and Villeneuve, 1975). In a study by Mendoza et al (1978) female rats were orally 
treated with 80 mg/kg feed of HBB for 2 weeks before mating until termination of the experiment 
when the pups were 17 or 21 day old. Immediately after parturition randomly selected pups from 
treated dams were exchanged with control pups. The pups exposed via the milk of HBB-treated dams 
exhibited  a  greater  increase  in  liver  weight  as  compared  to  the  pups  exposed  via  the  placenta 
(Mendoza et al., 1978). 
No genotoxicity was observed in the Salmonella/microsome preincubation assay using the protocol 
approved by the National Toxicology Program (Haworth et al., 1983). 
Tests in birds (quail and chicken) confirmed the effects on liver and enzyme activity (SFT, 2009).   
HBB does not bind to or activate the human androgen receptor as shown by tests in human liver 
carcinoma cells (HepG2) (Larsson et al., 2006). Emerging and Novel BFRs in Food 
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4.8.  1,2,3,4,7,7-HEXACHLORO-5-(2,3,4,5-TETRABROMOPHENYL)-
BICYCLO[2.2.1]HEPT-2-ENE (HCTBPH) 
4.8.1.  Chemical characteristics 
HCTBPH  belongs  to  the  group  of  “dechlorane”  chemicals.  Some  chemical  characteristics  and 
common names for HCTBPH are given in Table 9. HCTBPH is a tricyclic chemical with three chiral 
carbons,  leading  to  the  formation  of  three  stereoisomers  each  one  forming  enantiomeric  pairs.  
HCTBPH is expected to undergo reductive dehalogenation in the environment but no experimental 
studies have been performed to show its reactivity. 
Table 9:    Chemical structure of 1,2,3,4,7,7-hexachloro-5-(2,3,4,5-tetrabromophenyl)-bicyclo[2.2.1] 
hept-2-ene and some basic information on this emerging BFR. 
 
 
 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
HCTBPH 
HxCTeBPh-bcHen 
Dec 604 
IUPAC name 
 
1,2,3,4,7,7-Hexachloro-5-(2,3,4,5-tetrabromophenyl)- bicyclo[2.2.1]hept-2-
ene. 
Common names 
2-Norbornene, 1,2,3,4,7,7-hexachloro-5-(tetrabromophenyl)- (8CI) 
5-(Tetrabromophenyl)-1,2,3,4,7,7-hexachloro-2-norbornene 
Hexachlorocyclopentadiene-tetrabromostyrene adduct 
Trade names  Dechlorane 604 Component A ; Dechlorane 604 
CAS No  34571-16-9 
MW  692.50 
Log Kow  10.24   
Koc  8.86 × 10
6   
Vapour pressure (Torr)  1.21 × 10
-10 
  
4.8.2.  Methods of analysis 
For the analysis of HCTBPH in sediment and peregrine falcon egg samples, Soxhlet extraction was 
applied using toluene, hexane:dichloromethane or dichloromethane (Guerra et al., 2012; Shen et al., 
2011; Yang et al., 2011). Clean-up and fractionation was performed by multilayer silica, alumina and 
Amoco PX21 carbon/silica columns, a procedure previously developed for clean-up of extracts for the 
analysis of mono-ortho PCBs (Shen et al., 2011). Yang et al. (2011) applied multilayer silica and 
Guerra et al. (2012) removed lipids from the egg extracts using GPC, followed by silica column clean-
up. Instrumental determination was based on GC-EI-HRMS on a 15 m capillary column using an 
apolar stationary phase. Ions monitored were m/z 417.70 and 419.70 (Guerra et al., 2012; Shen et al., 
2011). Yang et al. (2011) used GC-ECNI-MS, monitoring the m/z 79 and 81 ions. Zhou et al. (2011a) 
evaluated  LC-MS  for  the  analysis  of  dechlorane  compounds.  Several  ionisation  approaches  were 
evaluated. Negative APPI was chosen for providing the best ionisation response. A biphenyl stationary 
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phase  provided  the  best  separation  (using  a  methanol-water  gradient),  in  less  than  5  minutes. 
Separation of the LC-MS/MS method was faster, but GC-HRMS provided better sensitivity (Zhou et 
al, 2011a).  
Concerning QC, QA, interlaboratory studies and CRMs, there are few specific details for HCTBPH 
other than already mentioned in Section 4.1.2. No mass labelled internal standard is commercially 
available for HCTBPH.  
4.8.3.  Sources, use and environmental fate  
HCTBPH belongs to the family of dechloranes that became widely used as substitutes for Mirex as it 
was banned in the US in the late 1970s (Shen et al., 2010). Mirex was primarily produced and used as 
a pesticide but it was also used as an additive flame retardant in plastics, rubber, paint, paper and 
electrical equipment (WHO/IPCS, 1984; Faroon et al., 1995). 
All  dechloranes  were  produced  with  a  Diels-Alder  reaction  starting  with  two  equivalents  of 
hexachlorocyclopentadiene (i.e. the same starting material as in the production of Mirex) and various 
dienophile  materials  and  are  grouped  as  halogenated  norbornene  derivatives  containing  a  basic 
bicyclo[2.2.1]heptene structure. The fire retardant properties of the dechloranes 602 - 604 are similar 
to Mirex (WHO/IPCS, 1984; Shen et al., 2010).  
The  dechlorane  substitutes  of  mirex  have  most  likely  been  used  since  the  mid-1960s  similar  to 
Dechlorane Plus which is categorised by the US-EPA as a high production chemical. According to 
Shen et al. (2010), Dec 604 is used in Molykote AS-810 silicone grease. 
Yang et al. (2011) collected sediment samples from the Great Lakes at 16 different sites in 2007 and 
analysed a number of brominated flame retardants including HCTBPH. In surface layers sediments 
from Lake Ontario the concentration of HCTBPH varied from 2.5 to 8.2 ng/g dry weight. Similar 
results were reported by Shen et al. (2010), with HCTBPH ranging from 0.03 to 8.0 ng/g dry weight in 
surface sediments from Lake Ontario. In a later study by Shen et al. (2011), HCTBPH was analysed in 
sediments  from  Canadian  tributaries  to  the  Laurentian  Great  Lakes  (more  than  80  sites).  The 
concentrations  varied  considerably  across  the  different  basins,  ranging  from  <  method  LOD  to 
4.8 ng/g dry weight (method LOD ranged from 0.0005 to 0.001 ng/g dry weight).  
Lake  trout  (Salvelinus  namaycush)  and  Whitefish  (Coregonus  clupeaformis)  samples  from  Lake 
Superior, Lake Uron and Lake Ontario  were collected  and analysed for HCTBPH by Shen et al. 
(2010).  In  Lake  Ontario,  both  species  showed  HCTBPH  concentrations  that  ranged  from  63  to 
1 300 ng/g fat.   
Guerra et al. (2011) studied the occurrence of HCTBPH and DBDPE in addled eggs from peregrine 
falcon (Falco peregrinus) from Canada and Spain. The total sample consisted of 25 eggs, 13 from 
Spain and 12 from Canada and DBDPE was detected in nine of the Spanish eggs whereas HCTBPH 
was  detected  in  all  twelve  Canadian  eggs.  The  geometrical  mean  concentrations  were  0.23  and 
3.38 ng/g fat respectively.  
4.8.4.  Occurrence in food 
No information could be identified, although the observations in wildlife (see above), particularly in 
fish, indicate that HCTBPH might also be present in food. 
4.8.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.8.6.  Hazard identification  
No information could be identified. Emerging and Novel BFRs in Food 
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4.9.  OCTABROMOTRIMETHYLPHENYL INDANE (OBTMPI) 
4.9.1.  Chemical characteristics 
Some chemical characteristics and common names for OBTMPI are given in  Table 10. OBTMPI 
contains  eight  bromine  atoms  on  the  two  aromatic  rings.  Apart  from  the  physico-chemical 
characteristics given, very little is known about OBTMPI. OBTMPI has one chiral carbon, leading to 
the  formation  of  one  enantiomeric  pair.  The  compound  can  be  expected  to  undergo  reductive 
debromination in the environment 
Table 10:   Chemical structure of octabromotrimethylphenyl indane and some basic information on 
this emerging BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
OBTMPI  
OBTrMePhIn 
OBIND; Br-Indan; OctaInd 
IUPAC name 
 
 
4,5,6,7-Tetrabromo-2,3-dihydro-1,1,3-trimethyl-3-(2,3,4,5-tetrabromophenyl)-
indene 
Common names 
Octabromotrimethylphenyl indane 
4,5,6,7-Tetrabromo-1,1,3-trimethyl-3-(2,3,4,5-tetrabromophenyl)-2,3-dihydro-1H-
indene 
2,3-Dihydro-1,1,3-trimethyl-3-phhenyl-octabromo-1H-indane 
Trade names  FR-1808  
CAS No  1084889-51-9 / 1025956-65-3  / 893843-07-7 / 155613-93-7 
MW  867.52         
Log Kow  15.11 
Koc  1.0 × 10
7 
Vapour pressure (Torr)  1.31 × 10
-14 
 
4.9.2.  Methods of analysis 
OBTMPI can be analysed using the same (multi)methods as for BTBPE and DBDPE (see e.g. Section 
4.2.2. and 4.3.2.). It can  be extracted with a  mixture of hexane:dichloromethane (Gauthier et al., 
2009). PLE has also been employed for extraction of OBTMPI from fish samples (Zhou et al., 2010) 
and  fish,  sediment  and  sludge  samples  using  hexane:dichloromethane  (Kolic  et  al.,  2009).  Lipid 
removal from bird egg extracts was achieved by GPC, while further clean-up was done by silica 
column (Gauthier et al., 2009). Geens et al. (2010) showed that OBTMPI is stable on acid-silica, basic 
silica and Florisil
® columns, and Kolic et al. (2009) used a multi stage silica AgNO3
- silica-basic 
silica- acid silica and an alumina column for clean-up of crude sediment, sludge and aqueous sample 
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extracts.  These  papers  demonstrate  that  a  wide  variety  of  clean-up  approaches  are  available  for 
OBTMPI.   
Analysis of cleaned extracts is mostly carried out with GC-ECNI-MS (monitoring m/z 79 and 81), on 
short columns (15 meter) with an apolar stationary phase (e.g. 5 % phenyl-(arylene)-95 % methyl 
polysiloxane) (Gauthier et al., 2009; Geens et al., 2010). OBTMPI can be analysed with PBDEs in the 
same run. It elutes late in the chromatogram (after the BDEs). Geens et al. (2010) demonstrated that 
OBTMPI could not be eluted from a slightly more polar column. GC-EI-HRMS has been used for 
confirmation purposes (Gauthier et al., 2009; Zhou et al., 2010) and for quantification (Kolic et al., 
2009) (m/z 865.1343 and 867.4323). Traag et al. (2009) used GC-TOF-MS for the identification and 
quantification  of  OBTMPI,  present  in  a  feed  additive  (choline  chloride)  as  a  result  of  cross 
contamination. Zhou et al. (2010) employed LC-APPI-MS/MS for the analysis of OBTMPI (LOQ 
about 10 pg/g fish).  
Concerning QC, QA, interlaboratory studies and CRMs, there are no  specific details reported for 
OBTMPI. 
4.9.3.  Sources, use and environmental fate  
OBTMPI has been manufactured as FR-1808 (de Wit et al., 2011).  
Air and dust 
Shoeib et al. (2012) analysed OBTMPI in dust in vacuum cleaner bags collected in Vancouver during 
2007-2008. OBTMPI was detected in 8 % of the samples with a mean concentration of 13 ng/g (in 
detectable samples only) and a maximum concentration of 46 ng/g.  
Under the Global Atmospheric Passive Sampling (GAPS) Network, globally-resolved concentrations 
of  a  number  of  persistent  organic  pollutants  in  air  have  been  reported  by  Pozo  et  al.  (2009). 
Polyurethane foam passive air samplers were deployed at more than 40 sites worldwide in 2005, 
mainly in background sites. Air samples were collected every three months but presence of OBTMPI 
was not demonstrated in any of these samples (Lee et al., 2010).  
Leonards et al. (2008) found OBTMPI in two Dutch house dust samples but the concentrations were 
not  reported.  Kalachová  et  al.  (2008)  reported  OBTMPI  in  Czech  house  dust  but  without  any 
quantitative  information.  Geens  et  al.  (2010)  analysed  20  dust  samples  from  Belgian  homes  and 
offices but the presence of OBTMPI was not confirmed (numerical value of the LOD not provided by 
the authors).   
Water, soil and sediments 
Leonards et al. (2008) found OBTMPI in sediment samples collected at two sites in the Western 
Scheldt Estuary (The Netherlands) at concentrations of 0.11 and 1.0 ng/g dry weight. In  selected 
environmental samples (one Lake Ontario sediment core and two biosolid/sludge samples) OBTMPI 
could not be detected (sample LOD = 0.2 ng/g, determined for a 5 g sample with 50 % recovery on 
sample clean-up) (Kolic et al., 2009).  
Occurrence in wildlife 
Muñoz-Arnanz et al. (2010) studied the occurrence of OBTMPI and fourteen other BFRs in 33 addled 
White stork (Ciconia ciconia) eggs collected in Spain in 1999-2000 and 2005. OBTMPI could be 
detected in one egg only and the concentration was around 0.01 ng/g w.w. No information on LOD or 
LOQ is given. Guerra et al. (2012) measured the concentration of OBTMPI in Peregrine falcon eggs 
from Spain and Canada. Addled eggs were collected during the period 2003-2006 in Guadalajara and 
Bilbao (Spain, n = 13) and between 2007-2009 in the Great lakes-St Lawrence River and the province 
of New Brunswick (Eastern Canada, n = 12). Whole egg content was homogenised and samples based Emerging and Novel BFRs in Food 
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on individual eggs were analysed and the lipid content determined. OBTMPI was found in 4 eggs 
from Canada in concentrations ranging from 1.8 to 29 ng/g fat (median 2.4 ng/g fat). In the eggs from 
Spain, OBTMPI was found in 5 samples at concentrations ranging from 0.79 to 1.0 ng/g fat (median 
0.87 ng/g fat). The LOD and LOQ for the analysis were 0.21 and 0.53 ng/g fat, respectively. 
Kolic  et  al.  (2009)  did  not  detect  OBTMPI  in  mussel  tissues  (n = 2)  (sample  LOD  =  0.2  ng/g, 
determined for a 5 g sample with 50 % recovery on sample clean-up).  
4.9.4.  Occurrence in food 
No information on occurrence in food could be identified. 
Two samples of choline chloride used as a feed additive that were found to test positive in the DR 
CALUX
® bioassay but in which the presence of dioxins or dioxin-like PCBs could not be confirmed, 
were  analysed  by  GC×GC-TOFMS  (Traag  et  al.,  2009).  The  analysis  revealed  the  occurrence  of 
OBTMPI in estimated concentrations of 0.14 and 0.70 ng/kg choline chloride, respectively. OBTMPI 
itself was tested in the bioassay but showed no response. Further analysis confirmed the presence of 
several other BFRs but also  brominated dioxins that could, according to the authors, be partially 
responsible for the observed response in the bioassay (Traag et al., 2009). The CONTAM Panel noted 
that these observations indicate that OBTMPI might also be present in food of animal origin, but the 
levels could be expected to be very low.    
4.9.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.9.6.  Hazard identification  
No information could be identified. Emerging and Novel BFRs in Food 
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4.10.  PENTABROMOBENZYL ACRYLATE (PBB-Acr) 
4.10.1.  Chemical characteristics 
Some chemical characteristics and common names for PBB-Acr are given in Table 11. PBB-Acr is a 
polar pentabromobenzyl alcohol derivative that is reactive, and suitable for polymerisation reactions, 
through the acrylate group. Apart from the physico-chemical characteristics given, very little is known 
about PBB-Acr  
Table 11:   Chemical  structure  of  pentabromobenzyl  acrylate  and  some  basic  information  on  this 
emerging BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
PBB-Acr 
PeBBn-Acr 
PeBrAcr; PBBA 
IUPAC name  2,3,4,5,6-Pentabromophenyl-2-Propenoic acid methyl ester 
Common names 
2,3,4,5,6-Pentabromobenzyl acrylate 
Pentabromobenzyl acrylate  
Trade names  Actimer FR 1025M ; FR 1025M 
CAS No  59447-55-1 
MW  556.67 
Log Kow  5.60 
Koc  26 500 
Vapour pressure (Torr)  2.7 × 10
-9 
 
4.10.2.   Methods of analysis 
For  the  analysis  of  PBB-Acr  in  sediments,  Yang  et  al.  (2012)  used  Soxhlet  extraction  with 
dichloromethane:n-hexane. The clean-up was performed by a multilayer silica column eluted with the 
same solvent mixture. The authors reported low recoveries that prevented accurate quantification of 
PBB-Acr. Venier et al. (2012) used Soxhlet extraction using hexane:acetone mixture for extraction of 
resins  used  for  extraction  of  PBB-Acr  from  the  atmosphere.  Extracts  were  cleaned  using  silica 
columns. Column extraction with dichloromethane:n-hexane has also been used to extract PBB-Acr 
from herring gull and osprey eggs, followed by GPC and final clean up with disposable silica SPE 
cartridges (Gauthier et al., 2007; Henny et al., 2011). In all the studies quantification was carried out 
by GC-ECNI-MS, using short apolar GC capillary columns (15 m). Lee et al. (2010) used a 30 m 
(apolar) capillary column for the analysis of PBB-Acr in extracts from air samples. 
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4.10.3.  Sources, uses and environmental fate  
In ESIS, PBB-Acr is classified as an LPV chemical. It is not classified in Annex VI of Regulation 
(EC) No 1272/2008.
21 It is also not listed in Annex I of Regulation (EC) No 689/2008.
22 According to 
Covaci  et  al.  (2011),   PBB-Acr  is  a  reactive  and  intermediate  BFR  applied  in 
polybutyleneterephthalate,  polyethylene  terephthalate  and  acrylonitrile  butadiene  styrene  (ABS) 
polymers.  
According to current information at SciFinder,
17 there are 11 commercial suppliers of PBB-Acr, but no 
quantitative information is available. Gouteux et al. (2006) reported PBB-Acr to be released from 
oligomeric BFRs, such as FR-1025 (a pentabromobenzyl acrylate oligomer).  
Yang et al. (2012) analysed PBB-Acr in sediments (n = 144, from 16 different sites) from the Great 
lakes but they were, due to low recovery, not able to demonstrate its occurrence in any of these 
samples.  
Pools of herring gull eggs (Larus argentatus) collected in 2004 from six sites in the Great Lakes were 
considered in a study by Gauthier et al. (2007) but PBB-Acr could not be identified in any of these 
samples.  
Henny et al. (2011) found PBB-Acr in three out of 30 Osprey (Pandion haliaetus) egg samples from 
the Lower Columbia and Spokane rivers. The highest concentration was 2.6 ng/g w.w. Eight eggs 
collected from “reference lakes” in the same area were all <LOD (numerical value not reported). 
4.10.4.  Occurrence in food 
No information could be identified. 
4.10.5.  Occurrence in humans samples (including human milk) 
No information could be identified. 
4.10.6.  Hazard identification  
No information could be identified. 
                                                       
21   Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 December 2008 on classification, 
labelling and packaging of substances and mixtures. OJ L/353, 31.12.2008, p. 1. 
22   Regulation (EC) No 689/2008 of the European Parliament and of the Council of 17 June 2008 concerning the export and 
import of dangerous chemicals. OJ L/204 of 31.07.2008, p. 1. Emerging and Novel BFRs in Food 
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4.11.  PENTABROMOETHYLBENZENE (PBEB) 
4.11.1.  Chemical characteristics 
Basic information on PBEB is given in Table 12. PBEB is to be regarded as a compound of high 
persistency in the environment, although it may undergo reductive and photolytical debromination. 
Table 12:   Chemical  structure  of  pentabromoethylbenzene  and  some  basic  information  on  this 
emerging BFR.  
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
PBEB 
PeBEtBz 
PBEB; PBrEtBz 
IUPAC name  1,2,3,4,5-Pentabromo-6-ethylbenzene 
Common names 
Pentabromoethylbenzene 
2,3,4,5,6-Pentabromoethylbenzene 
Trade names  EB 80; FR-105 
CAS No  85-22-3 
MW  500.65 
Log Kow  6.76 
Koc  1.1 × 10
5 
Vapour pressure (Torr)  1.17 × 10
-6 
  
4.11.2.  Methods of analysis 
PBEB can be analysed using the same (multi)methods as for BTBPE and HBB (see Section 4.2.2. and 
4.7.2.). Some additional analytical details are mentioned below.  
Kolic et al. (2009) applied an automated clean-up system combining a silica and carbon column for 
the clean-up of mussel extracts for analysis of PBEB (and other BFRs). They used GC-EI-HRMS for 
detection. Apart from GC-MS, PBEB can also be analysed by liquid chromatography coupled with 
MS, using atmospheric pressure photo ionisation (LC-APPI-MS) (Zhou et al., 2010). Chromatography 
was performed on a C18 column, using a methanol-water gradient.   
There are no specific details identified for PBEB concerning QC, QA, interlaboratory studies and 
CRMs, other than those already mentioned in Section 4.1.2.  
4.11.3.  Sources, use and environmental fate  
PBEB is classified as an LPV chemical in ESIS
20 and included in the Oslo Paris Convention (OSPAR) 
list of chemicals, being ranked as persistent, liable to be bioaccumulative and toxic, but not currently 
produced  (OSPAR,  2011).  PBEB  has  been  reported  to  be  used  as  an  additive  flame  retardant  in 
B r  B r 
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unsaturated polyesters, styrene butadiene copolymers and in other textiles but also in circuit boards, 
adhesives, wire and cable coatings, polyurethane foam (WHO/ICPS, 1997; Hoh et al., 2005).  
PBEB has been detected in ambient air in seven out of nine samples collected in Denmark, Norway 
and Sweden at concentrations from <0.025 to 0.25 pg/m
3, where the highest concentration was found 
in  a  sample  of  urban  origin  (Oslo)  (Nordic  Council  of  Ministers,  2011).  In  the  same  study,  one 
Norwegian indoor air sample was shown to contain 0.21 pg/m
3 whereas the remaining two samples 
were reported to contain < 0.37 and < 0.4 pg/m
3, respectively.   
From 2005 to 2009 Salamova and Hites (2011) analysed PBEB in air (vapour and particles) and in 
precipitation samples at five stations belonging to the US Integrated Atmospheric Deposition Network 
around the Great Lakes. Two of these sites were urban (Chicago, IL and Cleveland, OH), one was 
rural (Sturgeon Point, NY) and two were remote sites (Sleeping Bear Dunes, MI, and Eagle Harbor, 
MI).  The  highest  mean  concentrations  in  vapour  and  particle  samples  from  the  urban  sites  were 
1.5 pg/m
3 and 0.14 pg/m
3, respectively. The highest concentration in the precipitation samples (rain 
and melted snow) was 0.03 ng/L. At the rural site the corresponding concentrations were 0.11 pg/m
3, 
0.1 pg/m
3 and 0.01 ng/L, respectively. At the remote sites, the corresponding concentrations were 
1.2 pg/m
3, 0.7 pg/m
3 and 0.03 ng/L, respectively.  
PBEB has been found in outdoor air in the US by Gouteux et al. (2008) in concentrations ranging from 
< 0.01 to 0.01 pg/m
3. Low levels of PBEB were detected in outdoor air samples from various sites in 
the vicinity of the Great Lakes except for one sample originating from Chicago with a relatively high 
concentration of 550 pg/m
3. PBEB was reported to be present mainly in the vapour phase (Hoh et al., 
2005). Tian et al. (2011a, b) studied the occurrence of PBEB and other BFRs in the atmosphere in 
Southern China and found that PBEB levels were around 1 % of the total amount of BFRs in the 
atmosphere. The concentrations were higher close to an e-waste site and lower in urban environments 
and even lower at rural sites. Total deposition of BFRs close to e-waste sites ranged up to around 
1 300  ng/m
2  and  day.  At  the  e-waste  site  the  concentrations  of  PBEB  (gas  and  particle  bound 
combined)  were  0.29-867  pg/m
3,  with  an  arithmetic  mean  at  41.0  pg/m
3.  The  corresponding 
concentrations at a rural site were 0.10-4.80 pg/m
3, with an arithmetic mean of 0.75 pg/m
3.  
Arp et al. (2011) analysed sediment samples outside a metal recycling plant in Drammen (Norway) 
and found 0.028 ± 0.036 ng/g dry weight (LOD: 0.004, LOQ: 0.01). Körner et al. (2011) found PBEB 
in sewage sludge in Bavaria in concentrations ranging from 0.002 (LOD) to 0.52 ng/g dry weight with 
a mean of 0.022 ng/g dry weight. 
In  a  study  initiated  by  the  Nordic  Council  of  Ministers  (2011),  PBEB  was  detected  in  7  out  of 
12 sediment samples from Denmark, the Faroe Islands, Finland, Norway and Sweden, but generally at 
low concentrations (0.0012-0.0075 ng/g dry weight). In the same study, PBEB was detected in 69 % 
of the sewage sludge samples from the Nordic countries at concentrations ranging from < 0.022 to 
0.13 ng/g dry weight. The highest concentrations were found in sludge collected from WWTPs in 
Torshavn (Faroe Islands) and Reykjavik (Iceland). PBEB was also detected in two moss samples 
(Hylocomium splendens) from the Faroe Islands at concentrations of 0.0038 and 0.0059 ng/g dry 
weight.  It  should  be  noted  that  moss  samples,  due  to  limited  uptake  from  substrate,  represent 
atmospheric deposition rather than uptake by the plant.  
Occurrence in wildlife 
In the study initiated by the Nordic Council of Ministers (2011), PBEB was detected in two out of four 
Guillemot (Uria aalge) egg samples from the Faroe Islands and Sweden at concentrations ranging 
from 0.00072 to 0.0014 ng/g w.w. In the same study PBEB was quantified in one (Norwegian) out of 
five cod (Gadus morhua) liver samples from the Faroe Islands, Iceland and Norway at 0.0044 ng/g 
w.w.  Emerging and Novel BFRs in Food 
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Concentrations of PBEB were determined in archived samples of lake trout (Salvelinus namaycush) 
from Lake Ontario collected between 1979 and 2004 (Ismail et al., 2009). The concentrations ranged 
from 17 ± 3 to 320 ± 156 ng/g fat (or 5 ± 2 to 17 ± 6 ng/g w.w.), but did not show a temporal trend. 
Zhou et al. (2010) developed an LC-APPI-MS/MS method (see Section 4.3.2.) and applied it to the 
analysis of 22 fish samples collected in the five Great Lakes and from two lakes in Canada. PBEB was 
not found above the LOQ of 0.011 ng/g w.w.) in any of the samples. The species of the fish were not 
stated in the article and information on whether the samples were taken from edible parts only was 
also missing.  
Byer et al. (2010) collected 58 eels in 2007 and 2008 from seven locations throughout eastern Canada. 
All eel samples (whole fish homogenates) were scanned for a number of organobromine compounds. 
PBEB was found in two samples, one from Miramichi River (1.81 ng/g fat) and one from Margaree 
River (12.48 ng/g fat). 
Oliver and Niimi (1985) reported a mean bioconcentration factor (BCF) of 330 based on experiments 
with rainbow trout (Oncorhynchus mykiss). BAF based on field observations was calculated for PBEB 
by Wu et al. (2011) for six aquatic species (one snail, one prawn, one reptile and three species of fish). 
The log BAFs ranged from 2.72 to 4.09, indicating a high bioaccumulation in these aquatic species.  
Verreault et al. (2007) examined the levels of PBEB in egg yolk (n = 31) and plasma samples of male 
(n = 19) and female (n = 30) glaucous gulls (Larus hyperboreus) collected in 2006 in the Norwegian 
Arctic. The levels in female and male plasma were all < 0.03 ng/g w.w. (method LOQ), while the 
concentrations in egg yolk ranged from 0.03 to 0.23 ng/g w.w. PBEB constituted only a very small 
percentage of the combined concentrations of the brominated compounds in these samples. Pools of 
herring  gull  eggs  (Larus  argentatus)  collected  in  2004  from  six  sites  in  the  Great  Lakes  were 
considered in a study by Gauthier et al. (2007). The maximum concentration of PBEB was 1.4 ng/g 
w.w. Arp et al. (2011) analysed fish liver, crab and blue mussel samples from three sites in Norway 
but PBEB could not be identified above the LOQ (0.1 ng/g w.w.).   
Muñoz-Arnanz et al. (2010) report data on the occurrence of BFRs in eggs of white stork (Ciconia 
ciconia) obtained from two colonies in Spain. One of the colonies (Madrid colony) was located in an 
urban/industrial area near the city of Madrid where a dump site could provide a constant food source 
for the storks. The other colony was in the Doñana National Park and its surroundings in south-
western Spain which is considered an ecologically sensitive area and sanctuary for numerous bird 
species. Fifteen non-PBDE BFRs were analysed, but only BB-153, PBT and PBEB were detected in 
both colonies. PBEB concentrations found in Madrid were higher than those found in the park colony 
(5.47 ng/kg w.w. compared to 0.6 ng/kg w.w.).  
PBEB was analysed in adipose tissue of polar bears (n = 165) from Alaska, the Canada Arctic, Hudson 
Bay or the European Arctic (McKinney et al., 2011). It was identified and detected in around 25 % of 
the samples from Alaska, in around 7 % of the samples from the Canadian Arctic and in around 45 % 
of the samples from the Hudson Bay. It was not detected in samples from the European Arctic.   
Sawal et al. (2011) analysed BFRs in bream from six different rivers and from a lake in Germany. A 
total of 91 samples collected in the period 1995 to 2009 were investigated for PBDE congeners, 
HBCDD and six other BFRs, including PBEB. PBEB was detected in less than 10 % of the samples, 
but no numerical data were reported. Numerical values are given only for PBDEs and HBCDDs. 
Strid (2010) analysed PBEB in liver tissue from female Greenland sharks collected from Icelandic 
waters in the eastern North Atlantic between 2001 and 2003. PBEB was quantified in 14 out of the 
15 samples analysed, with a median concentration of 3.1 ng/g fat (method LOD: 0.11 ng, expressed as 
total amount in sample).  Emerging and Novel BFRs in Food 
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4.11.4.  Occurrence in food 
No information could be identified, although the observations in wildlife (see above), particularly in 
fish, indicate that PBEB might also be present in food. 
4.11.5.  Occurrence in human samples (including human milk) 
PBEB was not detected in any of the 128 serum samples from office cleaners, university students or 
policemen collected in the city of Tianjin (Northern China) (LOD, 0.01 ng/g fat) (Zhu et al., 2009). 
4.11.6.  Hazard identification  
Data on PBEB revealed that administration onto the skin of rabbits gave an LD50 > 8 g/kg b.w., no 
details were reported on effects (ECHA, 2012
23). 
According to the information provided by Zeiger et al. (1987), PBEB was not mutagenic in the Ames 
test with  Salmonella  typhimurium  strains TA98, TA100,  TA1535,  and TA1537  with  and  without 
metabolic activation (hepatic S9 fraction from Aroclor 1254-treated rats and hamsters). 
                                                       
23 European Chemicals Agency (ECHA, www.echa.europa.eu).  Emerging and Novel BFRs in Food 
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4.12.  PENTABROMOTOLUENE (PBT) 
4.12.1.  Chemical characteristics 
Basic information on PBT is given in Table 13. PBT is a stable aromatic compound that may undergo 
reductive debromination in the environment. 
Table 13:   Chemical structure of pentabromotoluene and some basic information on this emerging 
BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
PBT  
PeBT 
PBT 
IUPAC name  1,2,3,4,5-Pentabromo-6-methylbenzene 
Common names 
 
Pentabromotoluene 
2,3,4,5,6-Pentabromomethylbenzene  
Pentabromomethylbenzene 
2,3,4,5,6-Pentabromotoluene 
Trade names  Flammex 5-BT; PBT (flame retardant) 
CAS No  87-83-2 
MW  486.62 
Log Kow  6.25 
Koc  60 200 
Vapour pressure (Torr)  4.50 × 10
-6 
   
4.12.2.   Methods of analysis 
PBT can be analysed together with several of the earlier discussed emerging BFRs in a multi-analyte 
method (see e.g. Sections 4.1.2., 4.2.2. and 4.7.2.). PBT has been extracted from fish and invertebrates 
(Zhang  et  al.,  2010),  herring  gull  and  glaucous  gull  eggs  and  blood  with  mixed  solvents  (e.g. 
dichloromethane:n-hexane (1:1)). Extraction techniques include Soxhlet extraction (Wu et al., 2011), 
PLE (Sawal et al., 2011) and column extraction (Nordic Council of Ministers, 2011) (see also Covaci 
et al., 2011; Papachlimitzou et al., 2012). Clean-up is typically performed by a combination of GPC 
and silica (or Florisil
®) column clean-up (Covaci et al., 2011; Papachlimitzou et al., 2012), though 
multilayer silica/alumina column clean-up was also used (Zhang et al., 2010). Concentrated sulphuric 
acid  treatment  was  also  employed  for  clean-up  of  extracts  (Nordic  Council  of  Ministers,  2011). 
Instrumental determination is mostly performed by GC-ECNI-MS on capillary columns with apolar 
stationary phases. Quantification is based on the bromine isotopes m/z 79 and 81. GC-EI-(HR)MS has 
also been employed (Covaci et al., 2011; Nordic Council of Ministers, 2011; Papachlimitzou et al., 
2012).  
Concerning QC, QA, interlaboratory studies and CRMs, there are no specific details for PBT other 
than already mentioned in Section 4.1.2. 
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4.12.3.  Sources, use and environmental fate  
PBT  is  mainly  used  in  unsaturated  polyesters  (OECD,  1995),  polyethylene,  polypropylene, 
polystyrene, SBR-latex, textile, rubbers and ABS with a global production volume estimated between 
1 000 and 5 000 tonnes per year (WHO/IPCS, 1997). The compound is listed as an LPV chemical in 
the EU. 
Gouteux et al. (2006) reported PBT to be released from oligomeric BFRs, such as BC-58 (a TBBPA 
carbonate oligomer) and FR-1025 (a pentabromobenzyl acrylate oligomer).   
PBT has been detected in ambient air in eight out of nine samples collected in Denmark, Norway and 
Sweden at concentrations ranging from <0.01 to 4.4 pg/m
3. The highest concentration was found in a 
sample of urban origin (Oslo) (Nordic Council of Ministers, 2011). In the same study three Norwegian 
indoor air samples were shown to contain 2.5-2.8 pg/m
3. Low levels of PBT (< 0.01-0.02 pg/m
3) were 
detected in one of four air samples collected at a sampling station north of Toronto (Canada) (Gouteux 
et al., 2008).  
Tian et al. (2011a, b) studied the occurrence of PBT and other BFRs in the atmosphere in Southern 
China and found that the levels were < 1 % of the total amount of BFRs in the atmosphere. The 
concentrations were higher close to an e-waste site and lower in urban environments and even lower at 
rural sites. Total deposition of BFRs close to e-waste sites ranged up to around 1 300 ng/m
2 and day. 
The concentrations of PBT (gas and particle bound combined) at the e-waste site were 0.19-125 pg/m
3, 
with an arithmetic mean at 21.8 pg/m
3. The corresponding concentrations at a rural site were 0.21-3.27 
pg/m
3, with an arithmetic mean of 0.93 pg/m
3. 
PBT has been shown to occur in sea water by López et al. (2009), who found 2.4 ng/L in one of the 
four samples. The remaining samples were all < 0.1 ng/L.  
In sewage sludge samples from Sweden, PBT was identified by Mattsson (1975) at concentrations 
ranging from 8 to 180 µg/g dry weight. In soil treated with sewage sludge and in barley from the same 
fields the concentrations were < 100 ng/g dry weight. Körner et al. (2011) found PBT in sewage 
sludge in Bavaria in concentrations ranging from 0.016 (LOD) to 0.544 ng/g dry weight, with a mean 
of 0.158 ng/g dry weight.  
In  a  study  initiated  by  the  Nordic  Council  of  Ministers  (2011),  PBT  was  detected  in  11  out  of 
12 sediment  samples  from  Denmark,  the  Faroe  Islands,  Finland,  Norway  and  Sweden  at 
concentrations from 0.0044 to 2.7 ng/g dry weight. In the same study, PBT was also detected in 94 % 
of the sewage sludge samples from the Nordic countries at concentrations ranging from <0.027 to 
5.2 ng/g dry weight. The highest concentrations were found in sludge collected in Helsinki and Espoo 
(Finland).  PBT  was  also  detected  in  two  moss  samples  (Hylocomium  splendens)  from  the  Faroe 
Islands at concentrations of 0.0031 and 0.0032 ng/g dry weight. It should be noted that moss samples, 
due to limited uptake from substrate, represent atmospheric deposition rather than uptake by the plant.  
López et al. (2011) collected sediment samples (upper 2-4 cm) in 2005 at four different locations at the 
Western Scheldt estuary in The Netherlands. PBT was detected in all sites at concentrations between 
0.01 and 0.24 ng/g dry weight. In the same study PBT was also detected in suspended particulate 
matter at 0.72 ng/g dry weight. 
In sediment samples from the Rivers Havel and Spree, close to Berlin, Schwarzbauer et al. (2001) 
reported concentrations ranging from < 1 to 25  g/g dry weight.   
Oliver  and  Niimi  (1985)  reported  a  mean  bioconcentration  factor  (BCF)  of  270  ±  40  based  on 
experiments with rainbow trout (Oncorhynchus mykiss). Wu et al. (2011) calculated bioaccumulation 
factors (BAFs) for PBT for six aquatic species (one snail, one prawn, one reptile and three species of 
fish). The log BAFs ranged from 2.04 to 4.77. The CONTAM Panel noted that the high log BAF value 
of 4.77 referred to one Chinese Water Snake sample only. The log BAFs for the other species were Emerging and Novel BFRs in Food 
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below about 3. Therefore, it can be concluded that the reported BAFs indicate a high bioaccumulation 
of PBT in these aquatic species. 
Occurrence in wildlife 
In  the  study  initiated  by  the  Nordic  Council  of  Ministers  (2011),  PBT  was  detected  in  all  four 
Guillemot (Uria aalge) egg samples from the Faroe Islands and Sweden at concentrations ranging 
from 0.0054 to 0.0063 ng/g w.w. In the same study, five cod (Gadus morhua) liver samples from the 
Faroe Islands, Iceland and Norway were shown to contain 0.0011-0.0097 ng/g w.w.  
Verreault et al. (2007) examined the levels of PBT in egg yolk (n = 31) and plasma samples of male 
(n = 19) and female (n = 30) glaucous gulls (Larus hyperboreus) collected in 2006 in the Norwegian 
Arctic. The levels in male and female plasma ranged from < 0.04 (method LOQ) to 0.15 and 0.06 ng/g 
w.w., respectively. In egg yolk, the levels ranged from < 0.02 to 0.12 ng/g w.w.   
PBT was not detected in adipose tissue of polar bears (n = 165) from Alaska, the Canadian Arctic, the 
Hudson Bay or the European Arctic (McKinney et al., 2011). 
Pools of herring gull eggs (Larus argentatus) collected in 2004 from six sites in the Great Lakes were 
analysed by Gauthier et al. (2007). The maximum concentration of PBT was found to be 0.02 ng/g 
w.w.  
4.12.4.  Occurrence in food 
No information could be identified, although the observations in wildlife (see above) indicate that PBT 
might also be present in food. 
4.12.5.  Occurrence in human samples (including human milk). 
No information could be identified. 
4.12.6.  Hazard identification  
No data on absorption, distribution and excretion could be found.  
In a sub-chronic (91 days) study, groups of 15 male and 15 female SD rats were fed a diet containing 
0, 0.05, 0.5, 5.0, 50 or 500 mg/kg PBT (Chu et al., 1987). The chemical was used without purification 
and had a purity of approximately 98 %. Clinical observations revealed no adverse effects. Mild 
histopathological changes were observed in the liver (e.g. anisokaryosis, accentuated zonation), kidney 
(e.g. eosinophilic inclusions in the proximal tubules) and thyroid gland (e.g. reduced follicular size, 
increased epithelial heights). A NOAEL of 5 mg PBT/kg feed (equivalent to 350 µg/kg b.w. per day) 
was identified by the authors.  
No adverse fetal effects were observed when doses up to 600 mg/kg b.w. were given orally to rats 
during organogenesis (Danish EPA, 2000, as cited in SFT, 2009).  
PBT was found to be a very weak agonist (more than six orders of magnitude less potent than 2,3,7,8-
TCDD) of the AhR in the CALUX bioassay (Brown et al., 2004).  
According to the information provided by Zeiger et al. (1987), PBT was not mutagenic in the Ames 
test  with  Salmonella  typhimurium  strains TA98, TA100,  TA1535,  and TA1537  with  and  without 
metabolic activation (hepatic S9 fraction from Aroclor 1254-treated rats and hamsters). Emerging and Novel BFRs in Food 
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4.13.  TRIBROMONEOPENTYL ALCOHOL (TBNPA) 
4.13.1.  Chemical characteristics 
Some  chemical  characteristics  and  common  names  for  TBNPA  are  given  in  Table  14.  This 
tribromoneopentyl alcohol is rather hydrophobic, i.e. a result of the three bromine substituents. The 
compound is indicated as potentially persistent (Howard and Muir, 2010). 
Table 14:   Chemical  structure  of  tribromoneopentyl  alcohol  and  some  basic  information  on  this 
emerging BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
TBNPA 
tBMe-EtOH 
- 
IUPAC name  3-Bromo-2,2-bis(bromomethyl)-1-propanol 
Common names 
Tribromoneopentyl alcohol 
2,2,2-Tris(bromomethyl)ethanol 
2,2-Bis(bromomethyl)-3-bromo-1-propanol 
3-Bromo-2,2-bis(bromomethyl)-1-propanol 
3-Bromo-2,2-bis(bromomethyl)propanol  
3-Bromo-2,2-bis(bromomethyl)propyl alcohol 
Pentaerythritol tribromide 
Pentaerythritol tribromohydrin 
Tribromoneopentanol 
Trade names  FR 513 ; FR 1360 ; NSC 20521 
CAS No  1522-92-5 
MW  324.84         
Log Kow  2.06 
Koc  315 
Vapour pressure (Torr)  1.20 × 10
-5 
  
4.13.2.  Methods of analysis 
A small number of studies on environmental occurrence of TBNPA were identified. Ezra et al. (2006) 
reported  on  TBNPA  in  groundwater  near  a  production  facility.  They  extracted  TBNPA  from  the 
groundwater samples using reversed-phase SPE disks. After extraction the samples were concentrated 
and analysed by GC-MS on a 30 m column with an apolar stationary phase.  
4.13.3.  Sources, use and environmental fate  
TBNPA is used together with tris(chloroalkyl) phosphate to form a base from SaFRon 6600 according 
to Weil and Levchick (2009). As many as 79 commercial sources of TBNPA have been indicated.  
TBNPA  has  been  reported  to  be  present  in  ground  water  in  the  vicinity  of  the  Negev  industrial 
complex  in  Israel  (Ezra,  2005,  2006).  The  compound  has  a  relatively  strong  resistance  to 
biodegradation and therefore classified as not readily biodegradable (0-7 % degradation after 28 days). 
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TBNPA is considered to cause aquatic environmental damage (Ezra, 2005). The mechanism of the 
spontaneous decomposition of TBNPA) and the kinetics of the reaction of the parent compound and 
two subsequent degradation products were determined in aqueous solution at temperatures from 30 to 
70 °C and pH from 7.0 to 9.5. It was found that TBNPA could be decomposed by a sequence of 
reactions that form 3,3-bis(bromomethyl)oxetane, 3-bromomethyl-3-hydroxymethyloxetane, and 2,6-
dioxaspiro[3.3]-heptane (DOH), releasing one bromide ion at each stage (Ezra et al., 2005). Segev et 
al. (2009) have experimentally confirmed that TBNPA can undergo microbiological degradation and 
that the process can be facilitated in order to improve treatment of ground water. 
4.13.4.  Occurrence in food 
No information could be identified. 
4.13.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.13.6.  Hazard identification  
TBNPA (up to 6 666 µg/plate) has been tested as one of the 270 coded chemicals in the Ames test 
using  Salmonella  typhimurium  strains  TA98,  TA100,  TA1537  and  TA1535  in  the  presence  and 
absence of metabolic activation with 10 % Aroclor 1254 induced rat or hamster liver S9. TBNPA was 
not mutagenic in the absence and in the presence of rat liver S9, whereas in the presence of hamster 
liver S9 it was positive in strain TA1537 and in strain TA100 (Mortelmans et al., 1986). Emerging and Novel BFRs in Food 
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4.14.  1,3,5-TRIS(2,3-DIBROMOPROPYL)-1,3,5-TRIAZINE-2,4,6-TRIONE (TDBP-
TAZTO) 
4.14.1.  Chemical characteristics  
Basic information on TDBP-TAZTO is given in Table 15. The three structural 2,3-dibromopropyl 
groups contain two reactive carbons, i.e. the ones that are substituted with bromines. This reactivity 
has not yet been explored any further but may be both environmentally and biologically relevant.  
Table 15:   Chemical structure of 1,3,5-tris(2,3-dibromopropyl)-1,3,5-triazine-2,4,6-trione and some 
basic information on this emerging BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
TDBP-TAZTO 
tDiBPr-Tazto 
TBC; BrTriaz 
IUPAC name 
 
 
 
 
1,3,5-Tris(2,3-dibromopropyl)-1,3,5-triazine-2,4,6(1H,3H,5H)-trione  
common names 
 
1,3,5-Tris(2,3-dibromopropyl)- 1,3,5-triazine-2,4,6-trione 
1,3,5-Tris(2,3-dibromopropyl) isocyanurate,  
1,3,5-Tris(2,3-dibromopropyl)-2,4,6-trioxohexahydro-s-triazine,  
1,3,5-Tris(2,3-dibromopropyl)-2,4,6-trioxohexahydrotriazine,  
Tri(2,3-dibromopropyl) isocyanurate,  
Tris(2,3-dibromopropyl) isocyanurate. 
Trade names 
AFR 1002; FC 140R; FCP 660CN; FR 930; Fire Cut P 660; Fire Cut P;   
660CN; TAIC 6B; TBC (fireproofing agent) 
CAS No  52434-90-9 
MW  728.67 
Log Kow  4.45 
Koc  6 260 
Vapour pressure (Torr)  3.07 × 10
-15 
 
4.14.2.   Methods of analysis 
There are only a small number of studies where methods were developed to determine TDBP-TAZTO 
in environmental samples. Feng et al. (2010) and Ruan et al. (2009) extracted TDBP-TAZTO from 
sediment  and  fish  samples  using  dichloromethane  and  PLE.  Ruan  et  al.  (2009)  extracted  TDBP-
TAZTO from water using SPE (mixed mode phase). Feng et al. (2010) performed clean-up on silica 
gel columns. Ruan et al. (2009) performed an acid silica column clean-up to remove lipids from fish 
samples. TDBP-TAZTO was analysed by LC-MS/MS on a C18 column. Feng et al. (2010) evaluated 
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electrospray ionisation (ESI) and atmospheric pressure chemical ionisation (APCI) (both negative), 
and the sensitivity of both techniques for TDBP-TAZTO detection was similar.  
Zhao et al. (2011) developed an electrochemiluminescence method for TDBP-TAZTO with an LOD 
of around 5×10
-8 M (approx. 0.4 µg/L). The method performance was not evaluated on environmental 
samples. In principle, a 1 000-fold sample concentration is needed to achieve the same LOD as in the 
Ruan et al. (2009) study (for water samples). 
Concerning QC, QA, interlaboratory studies and CRMs, there are no specific details  reported for 
TDBP-TAZTO  other  than  already  mentioned  in  Section  4.1.2.  A  mass  labelled  analogue  is  not 
available. Feng et al. (2010) and Ruan et al. (2009) used technical grade (97 % pure) TDBP-TAZTO 
for quantification as a more pure material was lacking. 
4.14.3.  Sources, use and environmental fate  
According to SciFinder
17 there are currently 39 different suppliers of TDBP-TAZTO. LookChem
24 
lists 22 suppliers whereof 21 in China an d one in Canada offering TDBP-TAZTO in packages from 
25 up to 1 000 kg which could indicate large scale use. No information on production volumes has 
been identified.  
According to Kirk -Othmer (2010) TDBP -TAZTO is used as an additive flame  retardant.  This 
compound  seems  to  be  used  as  a  mixture  with  the  congeners  substituted  with  one  and  two 
2,3-dibromopropyl groups (DBP-TAZTO and BDBP-TAZTO), respectively (Zennegg, 2011). 
In ESIS, TDBP -TAZTO is classified as a n  LPV  chemical.  It is not classified in  Annex  VI  of 
Regulation  (EC) No 1272/2008
21.  It  is  also  not  listed  in  the  Annex  I  of  Regulation  (EC)  No 
689/2008
22.  
The Environment Agency, England and Wales (2010) performed a REACH screening to predict the 
biodegradability  of  TDBP-TAZTO  using  EPI  Suite
TM,  which  resulted  in  a  classification  as  “Not 
readily biodegradable”. According to a screening by Danish EPA (2000), TDBP-TAZTO fulfils the T 
(toxic) criteria and provisionally also P (persistent) and vB (very bioaccumulative) ones. The above 
mentioned  Environment  Agency  (2010)  also  classified  TDBP-TAZTO  to  have  a  “Potential  for 
exposure  over  wide  scale”  based  on  confidential  use  information  and  Kirk-Othmer  (2010)  and 
concluded that TDBP-TAZTO has “High priority for further investigation”. 
Ruan et al. (2009) identified TDBP-TAZTO in several environmental matrices collected at different 
distances from a TDBP-TAZTO manufacturing plant in Liuyang (Hunan province, Southern China). 
The plant was reported to produce this compound since 1986 with a production volume of 200 tonnes 
per year. TDBP-TAZTO was detected in almost all samples. The levels in river water samples (n = 12) 
ranged from 2.33 to 163 ng/L. In surface sediments (n = 6), levels up to 6 030 ng/g dry weight were 
found,  while  in  soils  (n = 5)  and  earthworms  (n = 5)  lower  concentrations  were  reported 
(19.6-672 ng/g  dry  weight  and  9.75-78.8  ng/g  dry  weight,  respectively).  In  four  carp  samples 
(Cyprinus carpio) the levels ranged from 12.0 to 646 ng/g dry weight, indicating a clear bioavailability 
and potential for bioconcentration. The highest levels were found in fat (around 650 ng/g dry weight) 
and  brain  (around  600  ng/g  dry  weight),  whereas the  highest  concentration  found  in  muscle  was 
around 90 ng/g dry weight. Ruan et al. (2009) also calculated a BCF of 19 900, and measured a BAF 
of 4 700. It was also found that TDBP-TAZTO can be strongly adsorbed by organic material and they 
also showed decreasing concentration with distance from the source in soil and earthworm samples.   
During 2009 and 2010, Zhu et al. (2012) collected samples of 11 different mollusc species at nine 
coastal sites close to urban areas. The sites were located in the Chinese Bohai Bay Rim Economic 
zone which has undergone a rapid economic development during the last decades. TDBP-TAZTO was 
                                                       
24 http://www.lookchem.com (checked on 27.07.2012). Emerging and Novel BFRs in Food 
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detected  in  77  %  of  the  131  samples  (LOQ  =  0.053  ng/g  dry  weight)  with  mean  and  max 
concentrations of 0.60 and 12.1 ng/g dry weight, respectively. 
4.14.4.  Occurrence in food 
No information could be identified, although the observations in wildlife (see above), particularly in 
fish, indicate that TDBP-TAZTO might also be present in food. 
4.14.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.14.6.  Hazard identification  
Exposure of adult zebrafish to 0, 0.25, 1 or 4 mg/L TDBP-TAZTO for 28 days had no effect on 
survival  or  growth.  Significant  damage  to  the  liver  and  gill  was  observed  at  4  mg/mL.  Thyroid 
hormones, testosterone, estradiol, liver superoxide dismutase activity, malondialdehyde content, and 
brain cholinesterase activity were not affected (Zhang et al., 2011). 
Zebrafish eggs and embryos exposed to TDBP-TAZTO at 0, 0.5, 1, 2.5, 5 or 10 μg/mL showed higher 
mortality at longer exposure periods in the three highest dose groups, and hatching rate was reduced in 
the four highest dose groups. Dose-dependent defects in inflation of the gas bladder was observed in 
the three highest dose groups. Electron microscopy examination of the gas bladder revealed changes in 
the electron density of the cytoplasmic vesicles and disruption of the mitochondrial christae (Li et al., 
2011).  
TDBP-TAZTO was cytotoxic at concentrations in the range of 5-10 μM in primary cultures of rat 
developing cerebellum granule neurons, but not in mature cerebellum granule neurons or in HepG2 
cells (Qu et al., 2011). Emerging and Novel BFRs in Food 
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4.15.  1,2,5,6-TETRABROMOCYCLOOCTANE (TBCO) 
4.15.1.  Chemical characteristics 
Basic information on TBCO is given in Table 16. NMR analysis shows that technical TBCO consists 
of 34 % ʱ-HBCO and 66 % β-TBCO (Riddell et al., 2009). The ʱ-HBCO and β-TBCO diastereomer 
crystal  structures  were  determined  by  X-ray  analysis  to  be  (1R,2R,5S,6S)-1,2,5,6-
tetrabromocyclooctane and rac(1R,2R,5R,6R)-1,2,5,6-tetrabromocyclooctane, respectively (Riddell et 
al., 2009).  
Riddell et al. (2009) have shown experimentally the thermal lability of the TBCO diasteromers. This 
lability may jeopardize chemical analysis in case of high injector temperatures. Assessing the chemical 
structure  of  TBCO  indicates  that  the  compound  easily  undergoes  hydrogen  bromide  elimination 
leading to the formation of unsaturated transformation products. 
Table 16:   Chemical  structure  of  tetrabromocyclooctane  and  some  basic  information  on  this 
emerging BFR. 
Chemical structure 
 
PRAB  
STAB 
Previous abbreviations 
TBCO 
ʱ-/β-TeBcO 
TBCO 
IUPAC name  1,2,5,6-Tetrabromocyclooctane 
Common names  Tetrabromocyclooctane 
Trade names  NSC 167079; Saytex
® BCL-48 
CAS No  3194-57-8 
MW  427.8 
Log Kow  5.28 
Koc  17 800 
Vapour pressure (Torr)  3.59 × 10
-5 
  
4.15.2.  Methods of analysis 
The number of studies including TBCO is limited, but the available information shows that TBCO can 
be analysed using the same (multi)methods as PBT and other BFRs (see e.g. Section 4.12.2. and 
4.2.2.). Details on all aspects of the analytical methods can be found in comprehensive reviews by 
Covaci et al. (2011) and Papachlimitzou et al. (2012).  
TBCO consist of 2 diastereomers (ʱ- and β-TBCO). The 2 isomers can be separated by GC-MS, on 
selected columns, e.g. 15 m apolar stationary phase (Kolic et al., 2009; Geens et al., 2010). Riddell et 
al.  (2009)  observed  interconversion  of  ʱ-  and  β-TBCO.  Such  interconversion  can  be  reduced  by 
minimising the GC column residence time by using shorter (10-15 m) GC columns. Geens et al. 
(2010) performed an investigation on the stability of TBCO under clean-up conditions. TBCO is stable 
on Florisil
®, acid and basic silica clean-up columns. TBCO can be analysed also by LC-API-MS/MS 
(Zhou et al., 2011b). 
B r 
B r 
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Concerning QC, QA, interlaboratory studies and CRMs, there are no specific details for TBCO other 
than already mentioned in Section 4.1.2., apart from the fact that interconversion of ʱ- and β-TBCO 
may take place, as discussed above. 
4.15.3.  Sources, use and environmental fate  
TBCO is an additive flame retardant marketed under the name of Saytex
® BCL48 (Gauthier et al., 
2009). No information was identified on production volumes. TBCO meets EU criteria as a potential 
aquatic hazardous substance and as a very persistent and bioaccumulative substance (Fisk et al., 2003). 
TBCO  is  also  on  the  Canadian  non-domestic  Substances  List  with  about  10  tons/year  currently 
imported into Canada (Riddell et al., 2009). 
Pools  of  herring  gull  eggs  (Larus  argentatus)  collected  in  2006  in  the  Great  Lakes  area  were 
considered in a study by Gauthier et al. (2009). TBCO was identified but not quantified (no numerical 
value for the LOQ stated).   
4.15.4.  Occurrence in food 
No information could be identified. 
4.15.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.15.6.  Hazard identification  
No information could be identified. Emerging and Novel BFRs in Food 
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4.16.  2,3,5,6-TETRABROMO-p-XYLENE (TBX) 
4.16.1.  Chemical characteristics 
Basic  information  on  TBX  is  given  in  Table  17.  TBX  is  regarded  as  an  environmentally  stable 
aromatic compound with the potential to undergo reductive debromination.  
Table 17:   Chemical  structure  of  2,3,5,6-tetrabromo-p-xylene  and  some  basic  information  on this 
emerging BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
TBX 
TeBDiMeBz 
TBX; p-TBX  
IUPAC name  1,2,4,5-Tetrabromo-3,6-dimethylbenzene 
Common names 
2,3,5,6-Tetrabromo-p-xylene 
2,3,5,6-Tetrabromo-1,4-dimethylbenzene  
1,4-Dimethyltetrabromobenzene  
Trade names  No trade names identified 
CAS No  23488-38-2 
MW  421.75 
Log Kow  6.20 
Koc  56 100 
Vapour pressure (Torr)  4.35 × 10
-5 
  
4.16.2.  Methods of analysis 
TBX may be analysed together with other BFRs in a (multi)method as described by Byer et al. (2010) 
for the analysis of eel, Gauthier et al. (2009) for the analysis of herring gull eggs, and López et al. 
(2011) for sediments. Papachlimitzou et al. (2012) and Covaci et al. (2011) prepared comprehensive 
reviews on (multi)methods.  
The analytical method starts with the isolation of TBX (among other BFRs) from the sample matrix. 
TBX has been extracted from eel using dichloromethane (Byer et al., 2010) and from herring gull eggs 
using dichloromethane:n-hexane (1:1) (Gauthier et al., 2009). López et al. (2011) analysed TBX in 
sediment and suspended particulate matter using PLE. Lipids were removed using gel permeation 
chromatography (GPC). Silica columns are used for further clean-up. López et al (2011) also tested a 
range of other SPE sorbents, including mixed-mode, C18 and NH2 based materials, showing good 
recoveries for TBX, except for a carbon based sorbent (see López et al., 2011). 
Instrumental determination has been performed by GC-ECNI-MS on capillary columns with an apolar 
stationary phase. Quantification is based on selective ion monitoring (SIM) of the bromine isotopes 
m/z 79 and 81. Byer et al. (2010) used GC coupled with EI-HRMS for identification purposes. EI-MS 
C  H  3 
B  r 
B  r 
C  H  3 
B  r 
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was compared to ECNI-MS in the López et al (2011) study. EI-MS showed lower sensitivity for the 
detection of TBX.  
Concerning QC, QA, interlaboratory studies and CRMs, there are no specific details for TBX. It is 
assumed that the issues already mentioned in Section 4.1.2 also apply to TBX.  
4.16.3.  Sources, use and environmental fate  
Tian  et  al.  (2011a,  2011b)  studied  the occurrence of TBX  and  other  BFRs in  the  atmosphere  in 
Southern China and found that the levels of TBX were < 1 % of the total amount of BFRs in the 
atmosphere. As for many other BFRs, their concentrations were higher close to e-waste sites and 
lower in urban environments and even lower at rural sites. Total deposition of BFRs close to e-waste 
sites ranged up to around 1 300 ng/m
2 and day. The concentrations of TBX (gas and particle bound 
combined) were at the e-waste site <LOD-158 pg/m
3, with an arithmetic mean at 8.29 pg/m
3. The 
corresponding  concentrations  at  a  rural  site  were  <LOD-3.43  pg/m
3,  with  an  arithmetic  mean  of 
0.33 pg/m
3.  
López et al. (2011) collected sediment samples (upper 2-4 cm) in 2005 at four different locations at the 
Western Scheldt estuary in The Netherlands. TBX was detected at three sites showing concentrations 
between  0.01  to  0.02  ng/g  dry  weight,  whereas  the  result  from  the  remaining  site  was  < LOD 
(0.005 ng/g dry weight). In the same study TBX was also detected in suspended particulate matter at 
0.11 ng/g dry weight.  
Körner et al. (2011) found TBX in sewage sludge in Bavaria in concentrations ranging from the LOD 
(0.003) to 0.729 ng/g dry weight with a mean of 0.275 ng/g dry weight. These findings indicate that 
TBX can be found in different environmental compartments but at comparably low levels relative to 
other BFRs.   
Strid (2010) analysed TBX in liver tissue female Greenland sharks (n = 15) collected from Icelandic 
waters in the eastern North Atlantic between 2001 and 2003. TBX was found in five samples with 
concentrations ranging from 1.2 to 2.38 ng/g fat.  
Eel samples (n = 58) were collected in 2007 and 2008 from seven locations throughout eastern Canada 
(Byer  et  al.,  2010).  All  eel  samples  (whole  fish  homogenates)  were  screened  for  organobromine 
compounds using GC/ECNI-MS and compared against various BFR standards. The authors were able 
to identify several organobromine compounds. However, only four BFRs (TBX, PBEB, HBB and 
DBDPE) were quantified using a full scan low resolution method. TBX was measured in about half of 
the samples (30 of 58 samples at all 7 sites). Mean values for TBX ranged between 0.09 and 0.43 ng/g 
fat (lipid percentage ranged between 17 and 23 %).  
4.16.4.  Occurrence in food 
No information could be identified, although the observations in wildlife (see above), particularly in 
fish, indicate that TBX might also be present in food. 
4.16.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.16.6.  Hazard identification  
No information could be identified.  Emerging and Novel BFRs in Food 
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4.17.  TRIS(2,3-DIBROMOPROPYL) PHOSPHATE (TDBPP) 
4.17.1.  Chemical characteristics 
Some  chemical  characteristics  and  other  common  names  for  TDBPP  are  given  in  Table  18. The 
chemical  characteristics  of  the  compound  are  given  in  detail  in  e.g.  WHO  (1995).  The  bromine 
substituents make TDBPP electrophilic, i.e. prone to undergo reactions with nucleophiles. 
Table 18:   Chemical structure of tris(2,3-dibromopropyl) phosphate and some basic information on 
this emerging BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
TDBPP 
tDBPrP 
TBPP 
IUPAC name  Tris(2,3-dibromo-propanol)-1,1',1''-phosphate 
Common names 
Tris(2,3-dibromopropyl) phosphate 
1-Propanol, 2,3-dibromo-, phosphate (3:1) (6CI,8CI,9CI) 
Phosphoric acid, tris(2,3-dibromopropyl) ester (6CI) 
Trade names 
3PBR ; Anfram 3PB; Apex 462-5; Bromkal P 67-6HP; ES 685; FireMaster 
LV-T 23P; FireMaster T 23; FireMaster T 23P; Flammex AP; Flammex LV-T 
23P; Flammex T 23P; Fyrol HB 32; NSC 3240; Phoscon FR 150; Phoscon PE 
60; Phoscon UF-S; T 23P; Tris (flame retardant); Zetofex ZN 
CAS No  126-72-7 
MW  697.61   
Log Kow  3.71 
Koc  2 485 
Vapour pressure (Torr)  2.38 × 10
-11   
         
4.17.2.   Methods of analysis 
López  et  al.  (2011)  analysed  TDBPP  in  sediment  samples  that  were  extracted  by  PLE  with  n-
hexane/acetone. The extracts were cleaned up by GPC and mixed-mode SPE, followed by silica gel 
columns. The purified extracts were analysed by GC-ECNI-MS on a capillary column with an apolar 
stationary phase (15 m × 0.25 mm, 0.25-μm film). The ions for identification and quantification were 
m/z 79 and 81. López (2011) tested several SPE phases for clean-up and although the mixed-mode 
SPE column was selected for the purpose as a multi-analyte method, the recovery on a carbon SPE 
column was slightly better. The use of acid in the clean-up procedure should be avoided as this results 
in hydrolysis and loss of TDBPP. 
P 
O 
O  O 
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4.17.3.  Source, use and environmental fate  
TDBPP is not listed in ESIS
20 but it is regulated by Council Directive 83/264/EEC
25 amending for the 
fourth time Directive 76/769/EEC .
26  Consequently it shall not be used in  textile  articles, such as 
garments, undergarments and linen, intended to come into contact with the skin.  
According to WHO/IPCS (1995), TDBPP is estimated to have been produced for the first time in 
1950.  In  1975,  the  commercial  production  of  TDBPP  in  the  USA   was  reported  to  be 
4 100 - 5 400 tonnes (US-EPA, 1976). Prior to 1977, 4 500 tonnes were produced annually in the US. 
In 1986, there was no evidence of production of TDBPP in the US. In Japan, the production in 1976 
and 1977 was estimated to have been 100 and 300 tonnes per year, respectively. In 1995, no 
production was reported in Japan   
TDBPP has been used as a flame retardant for cellulose and triacetate and polyester fabrics but also in 
urethane foam and acrylic carpets and sheets, polyvinyl- and phenolic resins, polystyrene foam, paints, 
lacquers, paper, latexes, and cured unsaturated polyesters products . Rigid foams containing TDBPP 
were used in insulation, furniture, automobile interior parts, and water flotation devices. About 65 % 
of the 4 500 tonnes of TDBPP that were produced annually in the USA in the 1970s was applied to 
fabrics used for children's clothing to an extent of 5 -10 % by weight (US-EPA, 1976; Kirk-Othmer, 
1978-1984).  
By actions taken in 1977, based on genotoxic potential and possible carcinogenic effects of TDBPP, 
the US Consumer Product Safety Commission banned the use of TDBPP in  children's clothing (US 
Consumer Product Safety Commission, 1977a,b). In Japan, the use of TDBPP as a fire -retardant in 
textile products was banned in 1981. As from December 1987, TDBPP could not be used in the EC in 
textile articles intended to come into contact with the skin (Council Directive 76/769/EEC,
26 Council 
Directive 79/663/EEC
27). Many other countries including Finland, New Zealand, and Sweden have 
also banned, or severely restricted, the use of TDBPP in textiles and textile articles (UN, 1991). 
TDBPP was removed from the market in the 1970‟s due to its mutagenic and carcinogenic properties. 
The uses are described in further detail in WHO/IPCS (1995). However, based on Internet searches 
there are indications that TDBPP is still in use.
28 
The log Koc has been estimated  to be 3.29 which indicates that TDBPP has a strong potential for 
adsorption to soil. Together with the measured water solubility of the technical chemical (8.0 mg/L), 
TDBPP is expected to leach only slowly into groundwater.   
Using the water solubility and vapour pressure (1.9×10
-4 mm Hg
29), the volatilisation half-life were 
estimated for streams, rivers, and lakes to be 3.64, 4.66, and 392 days, respectively  (Verschueren, 
1983). 
In a shake-flask test with a microbial inoculum of raw sewage, biodegradability of TDBPP after five 
days was determined to be equal to 2.4 times the dissolved TDBPP (Kerst, 1974). In a study by 
                                                       
25   Council Directive 83/264/EEC of 16 May 1983 amending for the fourth time Directive 76/769/EEC on the approximation 
of the laws, regulations and administrative provisions of the Member States relating to restrictions on the marketing and 
use of certain dangerous substances and preparations. Official Journal L 147, 06/06/1983 p. 9-10. 
26   Council Directive 76/769/EEC of 27 July 1976 on the approximation of the laws, regulations and administrative provisions 
of the Member States relating to restrictions on the marketing and use of certain dangerous substances and preparations. 
Official Journal L 262, 27.9.1976, p. 201-203.  
27   Council Directive 79/663/EEC of 24 July 1979 supplementing the Annex to Council Directive 76/769/EEC on the 
approximation of the laws, regulations and administrative provisions of the Member States relating to the restri ctions on 
the marketing and use of certain dangerous substances and preparations. Official Journal L 197, 03/08/1979 p. 0037-0038. 
28 http://www.chemicalbook.com/ChemicalProductProperty_EN_CB8414230.htm   
29   The CONTAM Panel noted the difference between the vapor pressure value indicated in Table 18 (modeled values used by 
Chemical Abstract) (Bergman et al., 2012) and the one indicate by Verschueren (1983). The Panel could not identify other 
information to confirm or deny any of these values, therefore both values are given.  Emerging and Novel BFRs in Food 
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Alvarez et al. (1982) using activated sludge, a half-life of about 20 hours was estimated. Bis(2,3-
dibromopropyl) phosphate was shown to be a major metabolite.    
In adult fathead minnow (Pimephales promelas) (n = 30) exposed to 47.7 µg TDBPP/L for 2-32 days 
in a flow-through system (water temperature 25°C and pH 7.49), a bioconcentration factor of 2.7 was 
determined by Veith et al. (1979). After 6 weeks of exposure to TDBPP (0.1 mg/L, 0.03 mg/L), 
bioconcetration from water to carp was estimated to be between < 0.7 and 1.9, and between < 2.2 - 
4.3, respectively (Chemicals Inspection & Testing Institute, 1992, as cited by WHO/IPCS, 1995).  
TDBPP was identified, but not quantified, in Arkansas air particulates (DeCarlo, 1979). 
In 2005, López et al. (2011) collected sediment samples (upper 2-4 cm) from five different locations at 
the Western Scheldt estuary in The Netherlands. The samples were analysed for a number of new 
BFRs but TDBPP could not be identified above LOD (0.03 ng/g dry weight). The authors mentioned 
that  “tris(2,3-dibromopropyl)phosphate  (TDBPP)  has  been  scarcely  reported  in  environmental 
samples”. Reference to these reports is not given. 
In water, TDBPP was looked for in 20 water samples collected at different sites in Japan but it was not 
identified in any of the samples (LOD 1 µg/L). Also in 20 Japanese soil samples it was not identified 
(LOD 0.4-10 mg/kg) (Environment Agency Japan, 1978, 1987, as cited by WHO/IPCS, 1995).  
TDBPP was identified, but not quantified, in soil samples from Arkansas (DeCarlo, 1979). 
In 1975, 20 fish samples collected at different sites in Japan were analysed for the presence of TDBPP. 
None of the samples contained TDBPP (LOD 1 mg/kg) (Environment Agency Japan, 1978; 1987).  
4.17.4.  Occurrence in food 
No information could be identified. 
4.17.5.  Occurrence in human samples (including human milk) 
No information could be identified. 
4.17.6.  Hazard identification  
After oral administration of radiolabelled 
14C-TDBPP (1.38 mg/kg b.w.) to male Sprague-Dawley rats 
radioactivity was detected in the blood, muscle, liver, skin, fat, kidneys and lung. The highest levels of 
radioactivity were detected in lung, liver and kidney 15 minutes after dosing. The clearance half-life of 
radioactivity  for  most  tissues  was  approximately  2.5  days,  and  from  liver  and  kidney  3.8  days. 
Twenty-four  hours  after  the  oral  dosing,  24.0  and  11.5  %  of  the  administered  radioactivity  was 
excreted in the urine and faeces respectively. Very little parent TDBPP was detected in the urine and 
bile (0.8 and 2.0 %, respectively). Six metabolites were identified in urine and bile with bis(2,3-
dibromopropyl) phosphate (BBPP) being the major metabolite (2.8 and 25.8 %, respectively). The 
majority of the radiolabel excreted in urine (66.7 %) and about half the radiolabel in bile (47.1 %) 
could not be identified (Nomeir and Matthews, 1983, as cited in NICNAS, 2005).  
Oxidative metabolism of TDBPP in vitro and in vivo results in the formation of BBPP (Dybing et al., 
1989, as cited in NICNAS, 2005). TDBPP metabolites bind covalently to proteins and DNA in vitro 
and in vivo (Soderlund et al., 1982, 1984; Pearson et al., 1993a,b). 
In one study investigating the potential bioaccumulation of TDBPP, male rats received TDBPP at 
concentrations of 0, 100 or 1 000 mg/kg in the diet for 28 days. Bromine levels were determined in 
muscle, liver and fat using a neutron activation technique. Compared to controls, bromine levels were 
approximately  6-7  and  40-50  times  greater  in  animals  receiving  100  and  1  000  mg/kg  TDBPP, 
respectively. At the end of a 6-week recovery period levels of bromine in muscle, liver and fat of rats Emerging and Novel BFRs in Food 
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fed up to 1 000 mg/kg TDBPP were similar to those of control animals (Kerst, 1974, as cited in 
NICNAS, 2005). 
In an acute toxicity study with male Spartan rats the oral LD50 for TDBPP was determined to be 
5 240 mg/kg  b.w  (Kerst,  1974,  as  cited  in  NICNAS,  2005).  Hasegawa  et  al.  (1989,  as  cited  in 
NICNAS, 2005) reported LD50 values of 810 mg and 1 000 mg TDBPP/kg b.w. in male and female 
Wistar rats. The clinical signs of toxicity were sedation and crouching, and hepatic congestion was 
observed at necropsy. 
In a nephrotoxicity study, fasted male Wistar rats received a single oral dose of 286.8 µmol TDBPP/kg 
b.w. in olive oil (equivalent to about 0.4 µg/kg b.w.). Four animals were sacrificed daily for 7 days and 
on  day  10.  Kidneys  were  examined  histologically  and 
13C-NMR  measurements  and  biochemical 
assays were conducted. The following effects were observed: on day 1 pyknosis of the renal tubular 
epithelial  cells,  on  day  2 necrosis,  from  day  3  regeneration  and  large  nuclei formation  from  day 
4 onwards. The activity of alanine transaminase (ALAT) was increased in the kidney at day 7 and 10, 
and lactate dehydrogenase (LDH) activity was increased from day 2 onwards. Increases in the sialic 
acid  content  of  the  kidneys  were  observed  on  day  1,  suggesting  destruction  of  the  epithelial 
membrane, and on day 5. In addition increased levels of phospholipids and inositol in kidney tissue 
were found at day 7 and 10 (Fukuoka et al., 1988). 
Groups of 10 female rats received 100, 150, 500 or 1 000 mg TDBPP/kg b.w. per day by gavage for 
10 days. No mortality was observed at 100 and 150 mg TDBPP/kg b.w., whereas at 500 and 1 000 mg 
TDBPP/kg b.w. mortality was 70 and 100 %, respectively (Seabaugh et al., 1981, as cited in NICNAS, 
2005).  
In a 4-week dietary study, groups of 5 male weanling rats received 0, 100 or 1 000 mg/kg TDBPP in 
the diet (equivalent to 0, 10 and 100 mg/kg b.w. per day, respectively). Clinical biochemical analyses 
were  performed  on  day  7  and  28,  and  histopathological  examinations  on  day  28.  Compared  to 
controls, in animals at 100 mg/kg b.w. per day a significant decrease in body weight gain (16 %) and 
food  consumption  (12  %)  was  seen.  No  treatment  related  biochemical  effects  were  observed.  At 
100 mg TDBPP/kg b.w. decreases in the weight of heart, liver, spleen, kidney and testes (> 13 %) 
were  observed,  but  no  histopathological  changes.  A  dose  related  increase  in  bromine  levels  was 
observed in muscle, liver and fat, which was at 100 mg/kg b.w. approximately 40-50 times higher than 
in the control group (Kerst, 1974, as cited in NICNAS, 2005). The NOAEL for TDBPP was identified 
to be 10 mg/kg b.w. per day. The animals from the recovery groups were sacrificed 2 and 6 weeks 
after the end of administration. By week 6 body weight gain, feed consumption and bromine levels in 
muscle, liver and fat of TDBPP treated animals did not differ significantly from controls. 
A developmental toxicity study has been performed in Sprague-Dawley rats. In a dose range-finding 
study in which 10 pregnant dams were gavaged with 0, 250, 1 000 mg TDBPP/kg b.w. on GD6 to 
GD15 all animals in the top dose group died between days 9-11 of gestation. In the 250 mg/kg b.w. 
group one dam died (Seabaugh et al., 1981, as cited in NICNAS, 2005). In the main study, groups of 
30 pregnant rats were gavaged 0, 5, 25 or 125 mg TBPP/kg b.w. on GD 6 - 15 and sacrificed on GD 
20. No deaths or clinical signs of toxicity were observed in the dams, except for dams in the 125 mg 
TDBPP/kg b.w. group where the body weight gain was reduced by 12 % compared to control group. 
Autopsy revealed no treatment related effect regarding numbers of corpora lutea, implantations, early 
or late deaths, the number of viable foetuses, the percentage of resorptions, and the percentage of pre-
implantation losses, and no treatment-related effects were seen in the foetuses (Seabaugh et al., 1981, 
as  cited  in  NICNAS,  2005).  The  CONTAM  Panel  concluded  that  the  NOAEL  of  TDBPP  for 
developmental effects was 125 mg/kg b.w., and for maternal effects 25 mg/kg b.w.  
TDBPP has been shown to be a bacterial mutagen in a number of studies. It induced mutations in 
Salmonella  typhimurium  strains  TA  1535,  TA100  and  TA  104  in  the  presence  and  absence  of 
metabolic activation, with higher mutagenic activity observed in the presence of metabolic activation 
(Blum and Ames, 1977; Carr and Rosenkranz, 1978; Lynn, et al., 1982; Prival et al., 1977; Salamone Emerging and Novel BFRs in Food 
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and Katz, 1981; as cited by NICNAS, 2005; Vanbeerendonk et al., 1994). TDBPP was negative in 
strains  TA  1537  and  TA1538  in  the  presence  and  absence  of  metabolic  activation  (Carr  and 
Rosenkranz, 1978; Blum and Ames, 1977; Prival et al., 1977, as cited by NICNAS, 2005). In another 
study,  TDBPP  has  been  reported  to  be  mutagenic  in  S.  typhiumurium  TA98  and  TA100  in  the 
presence, but not in the absence of metabolic activation (Kubo et al., 2002).  
In  mammalian  cells  TDBPP  induced  an  increase  in  the  frequency  of  gene  mutation  in  mouse 
lymphoma L5178Y cells at a concentration of 5 µg/mL (Brusick et al., 1979, as cited by NICNAS, 
2005) and in V79 Chinese hamster cells in the presence of metabolic activation at a concentration 
0.02 µM/mL (Holme et al., 1983; Soderlund et al., 1985, as cited by NICNAS, 2005).   
TDBPP induced chromosomal aberrations in mouse lymphoma L5178Y cells (Brusick et al., 1979, as 
cited by NICNAS, 2005) and in Chinese hamster lung cells (Ishidate et al., 1981), while in the absence 
of  metabolic  activation  no  significant  increase  in  chromosomal  aberrations  was  seen  in  Chinese 
hamster V79 cells (Furukawa et al., 1978), or in the human fibroblastic cell line HE 2144 exposed up 
to 0.349 mg TDBPP/mL (Sasaki et al., 1980, as cited in NICNAS, 2005).   
TDBPP induced a significant increase in sister chromatid exchanges (SCE) in Chinese hamster V79 
cells in the presence and absence of metabolic activation (Furukawa et al., 1978; Sala et al., 1982, as 
cited by NICNAS, 2005), in  mouse lymphoma L5178Y cells (Brusick et al., 1979), and in the human 
fibroblastic cell line HE 2144 at 0.070 mg TDBPP/mL in the absence of metabolic activation (Sasaki 
et al., 1980, as cited in NICNAS, 2005). In isolated rat hepatocytes TDBPP induced unscheduled DNA 
synthesis (Holme et al., 1983; Soderlund et al., 1992, 1985) and DNA damage (Soderlund et al., 
1992). 
In a micronucleus assay TDBPP was tested in female B6C3F1 mice using a single i.p. dose of 0, 
1 020 or  1  530  mg  TDBPP/kg  b.w.  (bone  marrow  was  sampled  at  25  h)  and  repeated  (2x)  i.p. 
injections of 0, 204, 408, 612, 816 or 1 020 mg TBPP/kg 24-h apart (bone marrow sampled at 48, 72 
and  96  h  after  the  initial  injection).  Compared  to  controls,  no  statistically  significant  increase  in 
micronuclei formation was seen. In the single treatment schedule an additional group of 4 animals 
receiving 1 020 mg TDBPP/kg b.w. was sacrificed after the administration. In this group a significant 
increase in micronuclei formation was observed (Salamone and Katz, 1981, as cited by NICNAS, 
2005). 
In male and female Chinese hamsters that received a single i.p. injection of 0, 200, 400 or 800 mg 
TDBPP/kg b.w. (bone marrow was sampled after 24-h), a statistically significant, and dose-related 
increase in micronuclei was seen at doses ≥ 400 mg/kg b.w. (Sala et al., 1982, as cited by NICNAS, 
2005).  
In male C57BL/6J mice that received single i.v. doses of TDBPP up to 1 500 mg/kg b.w. an increase 
in  chromosomal  aberrations  and  SCEs  was  detected  in  bone  marrow.  However,  results  are  only 
reported for the top dose 1 500 mg/kg b.w. (Nakanishi and Schneider, 1979, as cited by NICNAS, 
2005). 
The DNA-damaging potential of TDBPP was investigated by alkaline elution in liver and kidney 
nuclei of  male Wistar rats that received a single i.p. injection of 0, 36, 72 or 143 μmol/kg b.w of 
14C-TDBPP and that were sacrificed 20, 60 or 180 minutes later. A significant dose-dependent change 
in the elution rate was observed in both the kidney and the liver. The DNA damage in the kidney was 
considerably greater than that observed in the liver (Pearson et al., 1993b, as cited by NICNAS, 2005). 
DNA damage (measured by alkaline elution) in the liver, kidneys and small intestine, and to lesser 
extent also in the brain, lungs, testes, spleen and large intestine was detected also in male Wistar rats 
given a single i.p. injection of 350 μmol TDBPP/kg b.w. (Holme et al., 1983; Soderlund et al., 1992, 
as cited by NICNAS, 2005). Emerging and Novel BFRs in Food 
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TDPBB has been tested also in transgenic rodent mutation assays. In a study with lacI transgenic male 
B6C3F1 mice (Big Blue(R)) that were dosed 150 mg/kg b.w. (2 days), 300 mg/kg b.w. (4 days), and 
600 mg/kg b.w. (4 days) of TDBPP by gavage the induction of mutation was determined in kidney, 
liver, and stomach. At the highest dose, the mutant frequency was approximately 50 % above control 
values in the kidney, a smaller increase was observed in the liver, while no increase was seen in the 
stomach. Sequence analysis of the recovered mutants showed a TDBPP-specific change in mutation 
spectrum in kidney, which was not observed in liver and stomach. A dose-dependent decrease in G:C -
-> A:T transitions, which was accompanied by an increase in the loss of single G:C base pairs was 
observed (de Boer et al., 1996). In a subsequent study with lac1 (Big Blue) transgenic F344 rats that 
received 0, 100 or 2 000 mg TBPP/kg feed for 45 days the frequency of lacI was mutations determined 
in the cortex, and outer and inner medullas of the kidney. A dose-related increase in lacI mutations 
was seen in all three tissues. The highest induction was observed in cortex, followed by outer and 
inner medulla (de Boer et al., 2000). 
In summary, TDBPP is a bacterial mutagen, and induced mutations and chromosomal aberrations also 
in mammalian test systems in vitro and in animals in vivo.  
Renal carcinogenic and nephrotoxic effects of TDBPP have been observed in rats and mice (Reznik et 
al., 1979) as cited in NICNAS, 2005). Rats (55 male and 55 female) were fed 50 or 100 mg/kg TDBPP 
in the diet (corresponding to 2 and 4 mg/kg b.w. per day in males and 2.5 and 5 mg/kg b.w. per day in 
females) and mice (50 males and 50 females) were fed 500 or 1 000 mg/kg TDBPP in the diet 
(corresponding to 60 and 120 mg/kg b.w. per day in males, and 65 and 130 mg/kg b.w. per day in 
females) for 103 weeks followed by a 1 week observation period prior to sacrifice. Differences in 
survival rates between TDBPP-treated and control animals were not reported, but it was stated that 
65-80 % of treated animals survived till the end of the study. Body weight gain between the treated 
and control groups of rats were similar, whereas in mice the body weight gain was 20 % less in treated 
animals compared to controls throughout the study. Only histopathological changes in the kidney were 
examined and reported. Tubular-cell adenomas of the kidney were seen in TDBPP treated male (30/54 
at 50 mg/kg; 27/54 at 100 mg/kg) and female (4/54 at 50 mg/kg and 13/54 at 100 mg/kg) rats, and in 
male (5/50 at 500 mg/kg and 12/49 at 1 000 mg/kg) and female (3/50 at 500 mg/kg and 3/46 at 1 000 
mg/kg) mice. Tubular cell carcinomas were observed at the top dose (100 mg/kg) in male (3/54) rats 
and at top dose (1 000 mg/kg) in male mice. Neither of these tumors was seen in control animals. The 
only significant non-neoplastic findings in kidneys were small foci of dilated and hyperplastic or 
dysplastic proximal convoluted tubules. These changes were seen in both male and female rats and 
mice at the lowest dose (2 and 2.5 mg/kg b.w. per day in respectively male and female rats, and 60 and 
120  mg/kg  b.w.  per  day  in  respectively  male  and  female  mice)  (Reznik  et  al.,  1979,  as  cited  in 
NICNAS, 2005).    
Groups  of  50  male,  and  50  female,  B6C3F1  mice,  were  fed  technical  TDBPP  (containing  no 
detectable 1,2-dibromo-3- chloropropane) at concentrations of 500 or 1 000 mg/kg diet for 103 weeks 
followed  by  a  1-week  observation  period.  TDBPP  increased  the  incidence  of  squamous-cell 
carcinomas and papillomas of the fore-stomach and of adenomas and carcinomas of the lungs in both 
male and female mice. In treated male mice there was also an increased incidence of renal tubular cell 
adenomas, and in treated female mice an increased incidence of renal adenocarcinomas and of liver 
cell adenomas and carcinomas (US NCI, 1978, as cited in WHO/IPCS, 1995).  
As  concluded  in  the  reports  by  WHO  (WHO/IPCS,  1995)  and  IARC  (1978,  1999),  TDBPP  has 
carcinogenic effects in experimental animals; while the data available from epidemiological studies 
are not adequate to assess the relationship between human cancer and exposure to TDBPP. IARC 
(1999) classified TDPBB as probably carcinogenic to humans (Group 2A). In the recent NTP report 
on carcinogens (NTP, 2011) it was concluded that based on the experimental data it is reasonable to 
anticipate that TDBPP is a human carcinogen.  Emerging and Novel BFRs in Food 
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5.  Novel BFRs 
The novel BFRs, defined under Section 1.1. and considered by the CONTAM Panel in this opinion, 
include 10 BFRs. The scientific data on these chemicals are more limited that for most other BFRs. 
Their chemical structure, International Union of Pure and Applied Chemistry (IUPAC) and common 
names and, when known also trade names and physico-chemical data as extracted from SciFinder
17 
(Chemical Abstract, January-September, 2012), are presented together with available toxicological 
information. 
5.1.  1,3-BIS(2,3-DIBROMOPROPYL)-5-(2-PROPEN-1-YL)-1,3,5-TRIAZINE-
2,4,6(1H,3H,5H)-TRIONE (BDBP-TAZTO) 
5.1.1.  Chemical characteristics 
Some chemical characteristics and other common names for BDBP-TAZTO are given in Table 19. 
The 2,3-dibromopropyl groups make the compound electrophilic, promoting elimination as well as 
nucleophilic attacks as is the case with 1,2-dibromoethane (Barbash and Reinhard, 1989).  
Table 19:   Chemical  structure  of  1,3-bis(2,3-dibromopropyl)-5-(2-propen-1-yl)-1,3,5-triazine-
2,4,6(1H,3H,5H)-trione and some basic information on this novel BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
BDBP-TAZTO 
bDiBPr-A-Tazto 
- 
IUPAC name 
1,3-Bis(2,3-dibromopropyl)-5-(2-propen-1-yl)-1,3,5-triazine-2,4,6(1H,3H,5H)-
trione  
Common names 
1,3-Bis(2,3-dibromopropyl)-5-allyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione, 
1,3-Bis(2,3-dibromopropyl)-5-(2-propen-1-yl)-1,3,5-Triazine-2,4,6(1H,3H,5H)-
trione, 
1-allyl-3,5-bis(2,3-dibromopropyl)-1,3,5-triazinane-2,4,6-trione 
Trade name  No trade names could be indentified 
CAS No  75795-16-3 
MW  568.88 
Log Kow  3.55 
Koc  2 040 
Vapour pressure (Torr)  8.90 ×10
-12 
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5.1.2.   Methods of analysis 
No information could be identified on methods of analysis of BDBP-TAZTO in environmental or food 
samples. 
5.1.3.  Sources and use  
This compound, found in consumer products (plastics) from the Swiss market, seems to be used as a 
mixture with the congeners substituted with one and three 2,3-dibromopropyl groups (DBP-TAZTO 
and TDBP-TAZTO), respectively (Zennegg, 2011).  
At least one commercial source of BDBP-TAZTO has been identified on the Internet.
30  
BDBP-TAZTO is not listed in ESIS.  
5.1.4.  Environmental fate  
No information could be identified. 
5.1.5.  Hazard identification  
No information could be identified. 
                                                       
30 http://www.lookchem.com/chemical-dictionary/en/product_1/75795-16-3/  Emerging and Novel BFRs in Food 
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5.2.  DIBROMONEOPENTYLGLYCOL (DBNPG) 
5.2.1.  Chemical characteristics 
Some chemical characteristics and common names for DBNPG are given in Table 20. It has high 
water solubility. 
Table 20:   Chemical structure of dibromoneopentylglycol and some basic information on this novel 
BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
DBNPG 
bBMe-PrDiOH 
DBrPdiol 
IUPAC name  2,2-Bis(bromomethyl)-1,3-propanediol 
Common names 
Dibromoneopentyl glycol 
2,2-Bis(bromomethyl)-1,3-propanediol 
1,3-Dibromo-2,2-dihydroxymethylpropane 
1,3-Dibromo-2,2-dimethylolpropane 
2,2-Dibromomethyl-1,3-propanediol 
Pentaerythritol dibromide 
Pentaerythritol dibromohydrin 
Trade names  FR 1138; FR 522; NSC 9001  
CAS No  3296-90-0 
MW  261.94         
Log Kow  0.41 
Koc  39.9 
Vapour pressure (Torr)  5.16 × 10
-7 
   
5.2.2.  Methods of analysis 
No  information could  be identified  on  methods  of analysis  of  DBNPG  in  environmental  or  food 
samples. 
5.2.3.  Sources and use  
There are more than 50 suppliers of DBNPG in the world. It is supplied as FR-522 to make flame 
retardant  unsaturated  polyester  resins  (Weil  and  Levchick,  2009).  According  to  the  National 
Toxicology Program (NTP, 1996), DBNPG is a reactive flame retardant that is used primarily in 
unsaturated polyester resins for moulded products and in rigid polyurethane foams.  
5.2.4.  Environmental fate  
No information could be identified. 
H O 
O H 
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5.2.5.  Hazard identification  
The  acute  oral  LD50  of  DBNPG  in  male  rats  was  reported  to  be  3  458  mg/kg  b.w.  (95 %  CI, 
2 810-4 257 mg/kg) (Keyes et al., 1980, as cited in IARC, 2000). In addition, the Danish EPA (2000) 
reported an oral LD50 in rats of 1 880 (1 691-2 120) mg/kg b.w. and in mice of 1 200 mg/kg b.w. 
Several 13-week oral toxicity studies with DBNPG were conducted in Fischer 344/N rats and B6C3F1 
mice. DBNPG (technical grade, 78.6 % pure) was administered by gavage in corn oil for five days per 
week to rats (10 per sex, 6-7 weeks of age) at doses of 0, 50, 100, 200, 400 or 800 mg/kg b.w. and to 
mice (10 per sex, 6-9 weeks of age) at doses of 0, 25, 50, 100, 200 or 400 mg/kg b.w. In both species 
papillary degeneration and necrosis of the kidney and hyperplasia of the transitional-cell epithelium of 
the urinary bladder were observed. Male rats and mice were more sensitive than females  for the 
development of renal papillary degeneration or necrosis, with a NOAEL of 100 mg/kg b.w. for male 
animals in both species (Elwell et al., 1989; NTP, 1996).  
DBPNG was also administered to rats and mice in the feed in a 13-week study. Concentrations of 0, 
1 250, 2 500, 5 000, 10 000 or 20 000 mg/kg feed, delivered average daily doses of 100, 200, 400, 800 
or 1 700 mg DBNPG/kg b.w. to male rats, and 100, 200, 400, 800 or 1 630 mg DBPNG/kg to female 
rats. Concentrations of 0, 625, 1 250, 2 500, 5 000 or 10 000 mg DBNPG/kg feed delivered average 
daily doses of 100, 200, 500, 1 300 and 3 000 mg DBNPG/kg b.w. to male mice and 140, 300, 600, 
1 200  or  2  900  mg  DBNPG/kg  to  female  mice.  Also  in  these studies  papillary  degeneration  and 
necrosis of the kidney and hyperplasia of the transitional-cell epithelium of the urinary bladder were 
observed. Based on changes in bodyweight the NOAEL for male and female rats was 200 mg/kg b.w., 
for male mice 100 mg/kg b.w. and for female mice the lowest dose level (140 mg/kg b.w.) showed a 
marginal effect (NTP, 1996). 
Groups of 49-50 male and female Sprague-Dawley rats (7-8 weeks of age) were placed on a lifetime 
diet supplying 0, 5 or 100 mg/kg b.w. per day FR-1138, containing 80 % DBNPG. No changes in 
haematological and urinary parameters, blood urea nitrogen, serum glutamic pyruvic transaminase and 
serum alkaline phosphatase levels were observed. At the high dose, evidence of toxicity included 
degenerative  changes  in  the  liver  (increased  centrilobular  homogeneity  of  the  hepatocellular 
cytoplasm), eye (bilateral diffuse opacity of the lenses) and increased incidence of thyroid retention 
cyst formation. No treatment related effect on tumour incidence were noted (Keyes et al., 1980, as 
cited in IARC, 2000). 
Groups of Fischer 344/N rats (6 weeks of age, 60 per sex) were fed a diet containing FR-1138 at 
concentrations of 0, 2 500, 5 000 or 10 000 mg/kg feed for 2 years. Average daily doses of DBNPG 
were 0, 100, 200 or 430 mg/kg b.w. for males and 0, 115, 230 or 460 mg/kg b.w. for females. Survival 
at two years of male and female rats in the two highest dose groups was significantly lower than 
controls. Significantly increased incidences of neoplasms in various organs of both male and female 
rats were observed, with males exhibiting a wider range of affected organs than females. In male rats 
significantly increased incidences of neoplasms of subcutaneous tissue, mammary gland, oral cavity 
were  observed  from  2  500  mg/kg  feed  onwards.  Increased  incidences  of  neoplasms  of  the  skin, 
oesophagus, peritoneum and lung were observed in the high dose group. In female rats increased 
incidences of neoplasms of the mammary gland, were observed from 5 000 mg/kg feed onwards, and 
of the oesophagus and thyroid in the high dose group only (NTP, 1996). 
Groups of B6C3F1 mice (6 weeks of age, 60 per sex) were fed a diet  containing 0, 312, 625 or 
1 250 mg/kg FR-1138 for 2 years. Average daily doses of DBNPG were 0, 35, 70 or 149 mg/kg b.w. 
for male and 0, 40, 80 or 170 mg/kg b.w. for female mice. Survival in both males and females of the 
highest dose group was significantly lower than that of controls. Male mice exhibited significantly 
increased incidences of neoplasms of the Harderian gland (from 625 mg/kg onwards) and of the lung 
(high  dose  only).  In  females,  increased  incidences of  adenomas  and  carcinomas  combined  of the 
Harderian  gland  was  observed  from  312  mg/kg  onwards.  Increased  incidences  of  lung  and  fore Emerging and Novel BFRs in Food 
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stomach tumours were observed from 625 mg/kg onwards, and of subcutaneous tumours at the high 
dose (NTP, 1996). 
DBNPG was mutagenic in Salmonella typhimurium strain TA100 in the presence of liver S9 fraction 
from Aroclor-induced Syrian hamsters. In other bacterial test systems no mutagenic response was 
observed. In cultured Chinese hamster ovary cells a dose-related increase in chromosomal aberrations 
was found with metabolic activation. No increase in sister chromatid exchanges was noted with or 
without metabolic activation (NTP, 1996). 
In vivo DBNPG induced significant increases in the frequencies of micronucleated erythrocytes in 
male and female mice. In peripheral blood samples a significant increase in micronuclei was observed. 
Results  of  a  bone  marrow  micronucleus  test  in  male  mice,  where  DBNPG  was  administered  by 
gavage, were equivocal. An additional bone marrow micronucleus test with male and female mice, 
where DBNPG was administered i.p., was positive in females and negative in males (NTP, 1996). 
DBNPG was tested for its effects on reproduction and fertility in CD-1 mice using the continuous 
breeding protocol (Treinen et al., 1989). The mice were fed a diet containing 0, 0.1, 0.2 or 0.4 % 
DBNPG. Based on body weights and food consumption, the estimated doses were approximately 141, 
274 and 589 mg/kg per day. Both male and female F0 mice (20/sex/dose level, 40/sex in control 
group)  were  dosed  7  days  prior  to  and  during  a  98-day  cohabitation  period.  At  the  end  of  the 
cohabitation period, the males were removed, allowing the dams to deliver and rear the final litter, 
while dosing continued. From weaning at postnatal day 21, the F1 litters received DBNPG at parental 
dietary concentrations until mated with similarly treated non-siblings. Postpartum body weights of the 
dams and weight gain in males and females were significantly reduced at the two highest dose levels. 
In the same groups, a dose-dependent decrease in live pup weight, adjusted for average litter size, was 
observed. In the high dose group, the number of litters per pair and the number of live pups born per 
litter were significantly reduced. In the F1 generation, weight gain was significantly reduced at the two 
highest dose levels in males and at the highest dose level in females. The number of live pups born per 
litter and adjusted live pup weight was decreased in the highest dose group only. Cross-breeding of F0 
exposed males and females of the high dose group (0.4 %) with F0 controls after 11 weeks of dosing 
resulted in a reduction of the number of live pups per litter and of pup weight only when exposed 
females were mated with control males. At the end of the cross-breeding study control and high dose 
animals were necropsied. Histological examination revealed kidney lesions (increased incidence of 
glomerular atrophy, papilary necrosis and degeneration of renal tubules) in treated male and female 
rats. Differential counting of follicles as carried out by Bolon et al. (1997) revealed that in the ovaries 
of cross-bred F0 females the number of follicles was reduced in the high dose group (only high dose 
examined). The same effect was found in F1 females of the two high dose groups, necropsied at the 
end of the cohabitation period.   
In the previously described feeding studies with B6C3F1 mice, with concentrations corresponding to 
estimated daily doses up to 3 000 mg/kg b.w. in males and 2 900 mg/kg b.w. in females, and in 
Fischer 344/N rats, with concentrations corresponding to estimated daily doses up to 1 700 mg/kg b.w. 
in males and 1 630 mg/kg b.w. in females, depression of reproductive organ weight was only observed 
with concurrent reduction of body weight. Oestrous cyclicity and spermatozoal parameters were not 
affected (NTP, 1996). Emerging and Novel BFRs in Food 
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5.3.  1-(2,3-DIBROMOPROPYL)-3,5-DIALLYL-1,3,5-TRIAZINE-2,4,6(1H,3H,5H)-
TRIONE (DBP-TAZTO) 
5.3.1.  Chemical characteristics 
Some chemical characteristics and other common names for DBP-TAZTO are given in Table 21. The 
2,3-dibromopropyl  group  makes  the  compound  electrophilic,  promoting  elimination  as  well  as 
nucleophilic attacks as is the case with 1,2-dibromoethane (Barbash and Reinhard, 1989). 
Table 21:   Chemical  structure  of  1-(2,3-dibromopropyl)-3,5-diallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-
trione and some basic information on this novel BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
DBP-TAZTO 
DiBPr-DiA-Tazto 
- 
IUPAC name 
1-(2,3-Dibromopropyl)-3,5-di-2-propen-1-yl-1,3,5-triazine-2,4,6(1H,3H,5H)-
trione 
Common names 
 
1-(2,3-Dibromopropyl)-3,5-diallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione  
1-(2,3-Dibromopropyl)-3,5-di-2-propenyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione 
Trade names  No trade names could be identified 
CAS No  57829-89-7 
MW  409.07 
Log Kow  2.66 
Koc  667   
Vapour pressure (Torr)  1.62 × 10
-8 
  
5.3.2.   Methods of analysis 
No information could be identified on methods of analysis of DBP-TAZTO in environmental or food 
samples. 
5.3.3.  Sources and use  
This compound, found in consumer products (plastics) from the Swiss market, seems to be used as a 
mixture with the congeners substituted with two and three 2,3-dibromopropyl groups (BDBP-TAZTO 
and TDBP-TAZTO), respectively (Zennegg, 2011).  
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At least one commercial source of DBP-TAZTO has been identified on the Internet.
31 
DBP-TAZTO is not listed in ESIS. 
5.3.4.  Environmental fate  
No information could be identified. 
5.3.5.  Hazard identification  
No information could be identified. 
5.4.  DIBROMOSTYRENE (DBS) 
5.4.1.  Chemical characteristics 
Some chemical characteristics and common names for DBS are given in Table 22. It is stated in 
Chemical Abstracts to be incompletely defined and almost no data are available for this product. 
Dibromostyrene  may  likely  occur  as  a  mixture  of  isomers.  For  the  individual  compounds  (2,4-
dibromostyrene (CAS No. 24162-63-8) and 2,6-dibromostyrene (CAS No. 500761-44-4) the log Kow 
is given as 4.46 and 4.40, respectively, and the respective vapour pressures are 0.0128 and 0.0163 
Torr.  
As  DBS  is  a  styrene  compound  it  is  expected  to  be  used  in  polymerisation  reactions  to  form 
resins/polymers containing dibromobenzene units as stated by Weil and Levchik (2009). If present in 
products it may come from non-reacted DBS. 
Table 22:   Chemical structure of dibromostyrene and some basic information on this novel BFR.  
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
DBS 
DiBSty 
DBS; DBrsty 
IUPAC name  Dibromoethenylbenzene 
Common names 
Dibromostyrene  
Styrene, ar,ar-dibromo- (8CI)  
Trade name  Flame Cut 310K 
CAS No  31780-26-4 
MW  261.94 
Log Kow  n.a. 
Koc  n.a.  
Vapour pressure (Torr)  n.a. 
n.a.:   not available.  
                                                       
31 http://www.lookchem.com/casno-57/57829-89-7.html  
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5.4.2.  Methods of analysis 
No information could be identified on methods of analysis of DBS in environmental or food samples. 
5.4.3.  Sources and use  
DBS  is  used  for  production  of  poly(dibromostyrene)  (PDBS).  The  PDBS-80  homopolymer  may 
contain 60 % bromine which is mixed and used in high temperature polyamides (Weil and Levchik, 
2009). There are several other PDBS products. According to SFT (2009), DBS is used as a flame 
retardant in styrenic polymers.  
Gouteux et al. (2006) reported dibromostyrenes to be released from oligomeric BFRs, such as PBS-64 
(a bromostyrene oligomer) in thermal stress experiments (heating to about 100 °C).  
No data on emission or occurrence in the environment has been found. 
5.4.4.  Environmental fate  
No information could be identified. 
5.4.5.  Hazard identification  
No information could be identified. Emerging and Novel BFRs in Food 
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5.5.  N,N'-ETHYLENEBIS(TETRABROMOPHTHALIMIDE) (EBTEBPI) 
5.5.1.  Chemical characteristics 
Some chemical characteristics and names for EBTEBPI are given in Table 23. This BFR is a TEBP-
Anh and ethylenediamine product, fully brominated on the aromatic rings (Weil and Levchik, 2009). It 
can be expected to undergo reductive debromination in the environment. 
Table 23:   Chemical  structure  of  N,N'-ethylenebis(tetrabromophthalimide)  and  some  basic 
information on this novel BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
EBTEBPI 
N,N'-EtbTeBPhtIm 
BrPhtimi 
IUPAC name 
 
 
2,2'-(1,2-Ethanediyl)bis(4,5,6,7-tetrabromo-1H-isoindole-1,3(2H)-dione) 
Common names 
Ethylenebis(tetrabromophthalimide)  
Phthalimide, N,N'-ethylenebis[tetrabromo-(8CI)  
1,2-Bis(tetrabromophthalimido)ethane, 
2,2'-(ethane-1,2-diyl)bis(4,5,6,7-tetrabromoisoindoline-1,3-dione) 
2,2'-Ethylene-bis(4,5,6,7-tetrabromophthalimide) 
N,N'-ethylenebis(3,4,5,6-tetrabromophthalimide) 
Ethylene bis(tetrabromophtholic amide) 
1,2-Bis(tetrabromophthalimide)-ethane 
1H-Isoindole-1,3(2H)-dione, 2,2-(1,2-ethanediyl)bis4,5,6,7-tetrabromo- 
2,2'-(1,2-Ethanediyl)-bis[4,5,6,7-tetrabromo-1H-Isoindole-1, 3(2H)-dione 
2,2'-Ethylene-bis(4,5,6,7-tetrabromoisoindoline-1,3-dione) 
Trade names 
BT 93; BT 93D; BT 93W; BT 93WFG; Citex BT 93; Saytex
® BT 93; Saytex
® BT 
93W. 
CAS No  32588-76-4 
MW  951.47         
Log Kow  6.63 
Koc  96 500 
Vapour pressure (Torr)  1.48 × 10
-27 
  
5.5.2.   Methods of analysis 
No information could be identified on methods of analysis of EBTEBPI in environmental or food 
samples. 
5.5.3.  Sources and use  
EBTEBPI is used as an additive in high-impact polystyrene (HIPS) (Weil and Levchik, 2009) and is 
stated  to  be  stable  against  light  and  heat.  The  compound  is  stated  to  be  used  in  polyethylene, 
polypropylene,  thermoplastic  polyesters,  polyamide,  ethylene propylene-diene  terpolymers  (EPDM 
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rubbers) and other synthetic rubbers, polycarbonate, ethylene copolymers, ionomer resins, epoxies, 
and textile treatments (WHO/IPCS, 1997). According to Howard and Muir (2010), EBTEBPI has been 
on the European Union list of persistent and bioaccumulative (P&B) substances but it was delisted 
according to the manufacturer (Albemarle Corp, 2007b).  
5.5.4.  Environmental fate  
Hardy (2004) performed experimental studies on the bioconcentration of a number of BFRs in Carp 
(Cyprinus carpio). The result on EBTEBPI are not fully conclusive, but a bioconcentration factor of 
<0.3  or  <33  is  indicated  depending  on  the  concentration  tested.  The  experimental  set-up  did  not 
include exposure via feed.  
5.5.5.  Hazard identification  
14C-Labelled EBTEBPI was administered orally at a dose of approximately 0.67 mg/kg b.w. per day 
by gavage to a group of five female rats, daily for 14 days. Two animals were killed 48 h after the last 
dose, and one each at 7, 14 and 30 days after the last dose. The main route of excretion was in the 
faeces, which accounted for 65 % of the dose. An additional 15 % of the dose was recovered in the 
urine. Excretion in expired air was negligible. Only trace amounts of radiolabel (corresponding to 
< 0.5  µg/g  calculated  as  parent  compound)  were  found  in  examined  tissues  (liver,  kidney,  brain, 
skeletal muscle and body fat) 2 days after dosing. Tissue levels declined by an order of magnitude 
over the subsequent 28 days (no data provided on levels in fat) (Cannon Laboratories, 1978a, as cited 
in ECB, 2000; ECB, 2008). 
EBTEBPI was administered orally by gavage to male and female rats at a dose of 7.5 g/kg b.w. in corn 
oil  and  animals  were  observed  for  14  days.  There  were  no  deaths,  therefore  the  oral  LD50  was 
> 7.5 g/kg b.w. (Gabriel, 1976, as cited in US-EPA HPVIS, 2012). 
Groups of 10 male Sprague Dawley rats were administered EBTEBPI in their diet at concentrations up 
to 1% (10 000 mg/kg feed) for 28 days. All animals survived. There were no clinical signs of toxicity. 
No effects were observed on food consumption, body weight, body weight gain, weights of those 
organs  investigated  at  necropsy  (liver,  kidney,  heart,  spleen  and  testes),  hematology  or  clinical 
chemistry. No gross or microscopic lesions were observed. The NOAEL was the highest dose tested, 
1 % of the diet (10 000 mg/kg feed), which is equivalent to about 1 000 mg/kg b.w. per day (Cities 
Service Co, 1976, as cited in US-EPA HPVIS, 2012; HSBD, 2005). 
Groups of 15 male and 15 female Sprague Dawley rats were administered EBTEBPI in their diet at 
concentrations up to 1 % (10 000 mg/kg feed) for 90 days. After test substance administration, animals 
were placed on a control diet for a further 46 days. Blood and urine were collected for examination at 
0, 45 and 90 days. Three animals/sex/group were killed after 90 days, the remainder after the recovery 
period. There were no substance-related deaths. Treatment had no observable effects on body weight, 
haematology, clinical chemistry, urinalysis, relative or absolute organ weights, gross or microscopic 
pathology. The NOAEL was the highest dose tested, 1 % of the diet (10 000 mg/kg feed), which is 
equivalent to about 1 000 mg/kg b.w. per day (Cannon Laboratories, 1978b, as cited in US-EPA 
HPVIS, 2012; HSBD, 2005). 
Groups of 25 mated female Sprague Dawley rats were administered EBTEBPI orally by gavage in 
corn oil at doses of up to 1 000 mg/kg b.w. daily from GD6 to GD15. Animals were terminated on day 
20 of gestation. Dose selection was based on a preliminary range finding study, in which groups of 
6 mated female Sprague Dawley rats were administered EBTEBPI orally by gavage in corn oil at 
doses of up to 2 000 mg/kg b.w. daily from GD6 to GD15, with termination on GD20. The NOAEL in 
the range finding study was the highest dose tested (2 000 mg/kg b.w.). In the main study, all animals 
survived. There were no clinical signs of toxicity. Maternal body weight and body weight gain were 
unaffected by treatment and there were no gross lesions. Growth and survival of the fetuses in treated 
groups were unchanged from those of the controls. The incidences of variations and malformations did 
not differ from the control groups. The NOAEL for maternal and developmental toxicity in this study Emerging and Novel BFRs in Food 
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was the highest dose tested, 1 000 mg/kg b.w. per day (Rodwell, 1988a, as cited in US-EPA HPVIS, 
2012; HSBD, 2005). 
Groups of 20 pregnant New Zealand White rabbits were administered EBTEBPI orally by gavage in 
methyl cellulose at a dose of 1 000 mg/kg b.w. daily from GD7 to GD19. Animals were terminated on 
day 29 of gestation. All animals survived. No differences were observed between the control and 
treated dams in pregnancy rate, food consumption, body weight, body weight gain, clinical signs or 
morphopathological  changes.  Fetal  survival  and  fetal  weights  were  unaffected  by  treatment.  The 
incidences of variations and malformations were the same in the treated group as in controls. The 
NOAEL for maternal and developmental toxicity in this study was 1 000 mg/kg b.w. per day, the only 
dose tested (Rodwell, 1988b, as cited in US-EPA HPVIS, 2012; HSBD, 2005). 
The mutagenicity of EBTEBPI has been investigated in a number of in vitro systems. EPTEBPI was 
not mutagenic in Salmonella typhimurium strains TA1535, TA1537, TA1538, TA98 and TA100, and 
in Saccharomyces cerevisiae (D4), with and without metabolic activation (according to the summary 
report hepatic S9 from Aroclor 1254-induced rats was used) (Parke and Charles, 1978, as cited in US-
EPA HPVIS, 2012; HSBD, 2005).   
In another study with Salmonella typhimurium strains TA1535, TA1537, TA1538, TA98 and TA100, 
and  with  Escherichia  coli  WP2  uvrA,  EBTEBPI  was  not  mutagenic  with  and  without  metabolic 
activation  (according  to  the  summary  report  hepatic  microsomes  (S9)  were  used  (from  Aroclor 
induced rats)) (Maruyama, 1982, as cited in US-EPA HPVIS, 2012; HSBD, 2005).   
According to the information provided by Zeiger et al. (1987), EBTEBPI was not mutagenic in the 
Ames test with Salmonella typhimurium strains TA1535, TA1537, TA98 and TA100 with and without 
metabolic activation (hepatic S9 fraction from Arcolor 1254-induced rats and hamsters). 
EBTEBPI was tested for cytotoxicity in vitro in the L929 Agar Overlay Test. The test substance was 
not cytotoxic in this assay (Ethyl Corp, 1989, as cited in ECB, 2000). 
Koster et al. (1980) investigated the porphyrinogenic effects of EBTEBPI in vitro in cultured chick 
embryo  liver  cells.  Cells  were  incubated  with  the  test  substance  suspended  in  dimethylsulfoxide 
(DMSO), to give a final concentration of 10 µg/mL in the culture medium. After 24 h, the presence of 
porphyrins  was  assessed  semiquantitatively,  using  fluorescence  microscopy.  EBTEBPI  had  no 
porphyrinogenic activity in this test system. Following pre-treatment of cells with β-naphthflavone, an 
inducer  of  drug  metabolism,  for  20  h,  EBTEBPI  produced  a  trace  of  fluorescence,  indicative  of 
marginal porphyrinogenic activity. 
Papa et al. (2010) developed quantitative structure–activity relationship (QSAR) models for BFRs for 
a number of endocrine-related targets. These were AhR, as assessed by receptor competition with 
TCDD,  induction  of  hepatocyte  ethoxyresorufin  O-deethylase  (EROD)  and  activity  in  the  DR-
CALUX™ bioassay, progesterone receptor antagonism, competition for thyroxin-transthyretin (T4-
TTR), inhibition of estradiol sulfotransferase and estrogen receptor agonism. Information on these 
activities was retrieved from previously published papers for a number of BFRs, mainly PBDEs (see 
Papa et al. (2010) and references therein). No experimental data were available for EBTEBPI. The 
QSAR models were developed using a training set of around 10 BFRs. The developed QSARs were 
validated  against  a  test  set  of  approximately  10 different  BFRs.  The  activity  of  EBTEBPI  in  the 
various models was classified by the authors using previously published criteria: AhR binding – low 
(< 1 × 10
-3 cf TCDD), low (EC50 for EROD > 1 µM), high (EC50 in DR-CALUX™ < 1 µM); estrogen 
receptor  agonism  –  low  (IC50 > 10 µM);  T4-TTR  competition  –  high  (IC50  <  1  µM);  estradiol 
sulfotransferase inhibition – high (IC50 < 1 µM); progesterone receptor antagonism – moderate (IC50 
between 1 μM and 10 μM). The authors noted that EBTEBPI was outside the application domain of 
the  models, except for the  last two  models  (estradiol  sulfotransferase inhibition  and  progesterone 
receptor antagonism).  Emerging and Novel BFRs in Food 
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The CONTAM Panel noted that there is uncertainty about the reliability of the majority of the models 
for EBTEBPI and about the biological consequences of the predicted interactions. Therefore the Panel 
concluded that any implications of these findings for the hazard identification of EBTEBPI would be 
highly speculative. Emerging and Novel BFRs in Food 
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5.6.  HEXABROMOCYCLODECANE (HBCYD) 
5.6.1.  Chemical characteristics 
Some data are given for HBCYD in Table 24. The compound is not properly defined, which according 
to SciFinder
17 restricts the information of physico-chemical characteristics. 
Table 24:   Chemical structure of hexabromocyclodecane and some basic information on this novel 
BFR. 
Chemical structure 
 
PRAB 
STAB 
Other abbreviations used 
HBCYD 
HxBcDe 
HBCD 
IUPAC name  Hexabromocyclodecane 
Common names  Hexabromocyclodecane 
Trade name  No trade names could be identified 
CAS No  25495-98-1 
MW  613.64 
  
5.6.2.   Methods of analysis 
No information could be identified on methods of analysis of  HBCYD  in environmental  or food 
samples.  
5.6.3.  Sources and use  
Weil and Levchick (2009) stated that HBCYD together with tetrakis(hydroxymethyl)phosphonium 
salts may be an alternative to cyclic methylphosphonates in cotton-polyester blends. 
HBCYD is not listed in ESIS. 
5.6.4.  Environmental fate  
Almqvist and Hanæus (2006) analysed HBCYD in greywater of domestic origin in Sweden but did not 
identify the compound in the three samples (LOD = 0.001 ng/mL). Earlier, Palmquist and Hanæus 
(2005) tried to identify HBCYD in grey- and blackwater samples from ordinary Swedish households 
but  all  results  were  below  the  LOD  of  0.001  ng/mL.  In  both  papers,  the  authors  indicated  that 
hexabromocyclodecane  (abbreviated  as  HBCD)  was  analysed.  The  CONTAM  Panel,  however, 
questions whether the authors have used the correct name, or that instead hexabromocyclododecane 
(HBCDD) was the compound included in their analyses. 
5.6.5.  Hazard identification  
HBCYD was tested for its androgenic and antiandrogenic activity in vitro in the MDA-kb2 cell line 
(Christen  et  al.,  2010).  It enhanced  the  dihydrotestosterone  dependent  activation  of  the  androgen 
receptor-responsive gene  expression  to  maximally  150  %,  but  it  exhibited  no  agonistic  activity.
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5.7.   2-(2-HYDROXYETHOXY)ETHYL 2-HYDROXYPROPYL 3,4,5,6-
TETRABROMOPHTHALATE (HEEHP-TEBP) 
5.7.1.  Chemical characteristics 
Some chemical characteristics and common names for HEEHP-TEBP are given in Table 25. This 
asymmetric and highly polar tetrabromophthalic acid ester has one chiral carbon leading to formation 
of  an  enantiomeric  pair.  HEEHP-TEBP  is  a  phthalate  ester  with  expected  low  environmental 
reactivity. 
Table 25:   Chemical  structure  of  2-(2-hydroxyethoxy)ethyl  2-hydroxypropyl  3,4,5,6-
tetrabromophthalate and some basic information on this novel BFR.  
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
HEEHP-TEBP 
OHEtOEt-OHPr-TeBPht 
TeBrPht 
IUPAC name 
3,4,5,6-Tetrabromo-1,2-benzenedicarboxylic acid 1-[2-(2-
hydroxyethoxy)ethyl] 2-(2-hydroxypropyl) ester 
Common names 
 
2-(2-Hydroxyethoxy)ethyl 2-hydroxypropyl 3,4,5,6-tetrabromophthalate 
Phthalic acid, tetrabromo-, 2-(2-hydroxyethoxy)ethyl 2-hydroxypropyl ester 
Trade names  Great Lakes PHT 4-Diol; Saytex
® RB 79 
CAS No  20566-35-2 
MW  627.90         
Log Kow  1.04 
Koc  87.5 
Vapour pressure (Torr)  3.59 × 10
-15 
  
5.7.2.   Methods of analysis 
No information could be identified on methods of analysis of HEEHP-TEBP in environmental or food 
samples. 
5.7.3.  Sources and use 
HEEHP-TEBP  is  classified  in  ESIS
20  as  an  LPV  chemical.  It  is  not  classified  in  Annex  VI  of 
Regulation (EC) No 1272/2008
21. It also not listed in the Annex I of Regulation (EC) No 689/2008.
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In the REACH registration dossier, a total tonnage band of 100-1 000 tonnes per year was reported, 
and use in production of foam for insulation is indicated.
32  
5.7.4.  Environmental fate  
No information could be identified.  
5.7.5.  Hazard identification  
In a range-finding study the commercial product Saytex
® RB-79 was given to female rats at a single 
oral (gavage) dose at 2 000 mg/kg b.w. No deaths and no test article related effects were observed.
32 
No repeated dose toxicity studies with HEEHP-TEBP are available.  
The commercial product Saytex
® RB-79 tested in Salmonella typhimurium reverse mutation assay 
with strains TY1535, TA1537, TA98 and TA100 at concentrations 50, 100, 500, 1 000 and 5 000 
µg/plate with and without metabolic activation was not mutagenic.
32 
The commercial product PHT4-Diol was examined for mutagenic activity in Salmonella typhimurium 
strains TA1535, TA1537, TA1538, TA98 and TA100 and in Saccharomyces cerevisiae strain D4 with 
and without metabolic activation. No indication for mutagenicity was found.
32 
                                                       
32   ECHA  (European  Chemicals  Agency),  online.  2-(2-hydroxyethoxy)ethyl  2-hydroxypropyl  3,4,5,6-tetrabromophthalate. 
CAS  No  20566-35-2.  Registered  substance.  Available  at:  http://apps.echa.europa.eu/registered/data/dossiers/DISS-
9ea569d1-072b-18ab-e044-00144f67d031/DISS-9ea569d1-072b-18ab-e044-00144f67d031_DISS-9ea569d1-072b-18ab-
e044-00144f67d031.html    Emerging and Novel BFRs in Food 
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5.8.  PENTABROMOPHENOXY-NONABROMODIPHENYL ETHER (4'-PeBPO-BDE208) 
5.8.1.  Chemical characteristics 
Some chemical characteristics and common names for 4'-PeBPO-BDE208 are given in Table 26. This 
perbrominated compound is expected to undergo photolysis in the environment. The high molecular 
mass may limit its bioavailability. 
Table 26:   Chemical  structure  of  pentabromophenoxy-nonabromodiphenyl  ether  and  some  basic 
information on this novel BFR. 
Chemical structure 
 
PRAB 
STAB 
Other abbreviations 
4'-PeBPO-BDE208 
TeDB-DiPhOBz 
DPeTeBrBz  
IUPAC names  1,2,4,5-Tetrabromo-3,6-bis(2,3,4,5,6-pentabromophenoxy)-benzene 
Common names 
4‟-Pentabromophenoxy-2,2‟,3,3‟,4,5,5‟,6,6‟-nonabromodiphenyl ether 
1,4-Bis(pentabromophenoxy)tetrabromobenzene  
Pentabromophenoxy-nonabromodiphenyl ether 
1,2,4,5-Tetrabromo-3,6-bis(pentabromophenoxy)-benzene 
1,2,4,5-tetrabromo-3,6-bis(2,3,4,5,6-pentabromophenoxy)-benzene 
Tetradecabromo-1,4-diphenoxybenzene 
Tetradecabromo(para-diphenoxybenzene 
Trade names  BT 120; Saytex
® 120  
CAS No  58965-66-5 
MW  1366.85      
Log Kow  12.67 
Koc  1.00 × 10
7   
Vapour pressure (Torr)  6.88 × 10
-19 
  
5.8.2.   Methods of analysis  
No information could be identified on methods of analysis of 4'-PeBPO-BDE208 in environmental or 
food samples. 
5.8.3.  Sources and use  
4'-PeBPO-BDE208 is commercially known as Saytex
® 120. It is used in high performance polyamide 
and linear polyester engineering resins and alloys (Chen et al., 2011). SciFinder
17 lists 15 commercial 
providers but no quantitative information could be identified.  
In ESIS, 4'-PeBPO-BDE208 is classified as an LPV chemical. It is not classified in Annex VI of 
Regulation (EC) No 1272/2008
21. It also not listed in the Annex I of Regulation (EC) No 689/2008.
22 
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5.8.4.  Environmental fate  
No information could be identified. 
5.8.5.  Hazard identification  
No information could be identified. Emerging and Novel BFRs in Food 
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5.9.  TRIS(TRIBROMONEOPENTYL) PHOSPHATE (TTBNPP) 
5.9.1.  Chemical characteristics 
Some  chemical  characteristics  and  common  names  for  TTBNPP  are  given  in  Table  27.  This 
symmetrical  phosphate ester  is  expected to  be environmentally  stable,  but  labile under  biological 
conditions (may undergo enzyme catalysed hydrolysis).   
Table 27:   Chemical structure of tris(tribromoneopentyl) phosphate and some basic information on 
this novel BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
TTBNPP 
tBbBMePrP 
TrisPhos; TTBNP 
IUPAC name  3-Bromo-2,2-bis(bromomethyl)-1-Propanol 1,1',1''-phosphate 
Common names 
Tris(tribromoneopentyl) phosphate 
1-Propanol, 3-bromo-2,2-bis(bromomethyl)-, phosphate (3:1)  
Tris[2,2-bis(bromomethyl)-3-bromopropyl] phosphate. 
2,2-Bis-(bromomethyl)-3-bromo-1-propanol phosphate 
3-Bromo-2,2-bis(bromomethyl)-1-propano phosphate 
3-Bromo-2,2-bis(bromomethyl)-1-propanophosphate(3:1) 
Trade names 
CR 900 ; FR 370 ; FR 372 ; FR 680 ; Flame Cut 175 ; Flame Cut 175R ; 
Kronitex PB 370 ; PB 370 ; Reoflam FR 370 ; TPB 3070 
CAS No  19186-97-1 
MW  1018.46 
Log Kow  7.55 
Koc  3.04 × 10
5 
Vapour pressure (Torr)  1.06 × 10
-19 
   
5.9.2.  Methods of analysis 
No information could be identified on methods of analysis of TTBNPP in environmental or food 
samples. 
5.9.3.  Sources and use 
TTBNPP is a common BFR in polypropylene products for uses in e.g. carpets and stadium seats (Weil 
and Levchick, 2009). It is indicated, in patents, to be applied in polyesters and polyamides as BFR, in 
polystyrenes and polyolefins.  
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It is listed in part 3 of Annex I to Regulation (EC) 689/2008.
22 This implies that for the export to 
proceed there must be a positive response in the latest prior informed consent (PIC) circular otherwise 
explicit consent must be obtained.  
TTBNPP is not listed in ESIS, nor is it classified in Annex VI of Regulation (EC) No 1272/2008.
21 
5.9.4.  Environmental fate  
No information could be identified. 
5.9.5.  Hazard identification  
No information could be identified. 
5.10.  2,4,6-TRIS(2,4,6-TRIBROMOPHENOXY)-1,3,5-TRIAZINE (TTBP-TAZ) 
5.10.1.  Chemical characteristics 
Some  chemical  characteristics  and  common  names  for  TTBP-TAZ  are  given  in  Table  28.  The 
compound has been structurally characterised by Li et al. (2006) showing the triazine ring to be almost 
perpendicular  to  the  three  2,4,6-tribromophenyl  rings.  No  chemical  stability/reactivity  data  are 
available. Emerging and Novel BFRs in Food 
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Table 28:   Chemical  structure  of  2,4,6-tris(2,4,6-tribromophenoxy)-1,3,5-triazine  and  some  basic 
information on this novel BFR. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
TTBP-TAZ 
tTrBPhO-Taz 
BrPhTriaz 
IUPAC name  2,4,6-Tris(2,4,6-tribromophenoxy)-1,3,5-triazine  
Common names 
2,4,6-Tris(2,4,6-tribromophenoxy)-1,3,5-triazine  
Tris(2,4,6-tribromophenoxy)-s-triazine 
Tris(tribromophenoxy)-s-triazine 
s-Triazine, 2,4,6-tris(2,4,6-tribromophenoxy)- (8CI) 
Tri(tribromophenyl) cyanurate 
Trade names  FR 245; FR 368; GX 6145; Pyroguard SR 245; SR 245; TBPC; XZ-2300 
CAS No  25713-60-4 
MW  1067.43 
Log Kow  12.97   
Koc  1.00 × 10
7 
Vapour pressure (Torr)  2.02 × 10
-25 
5.10.2.  Methods of analysis 
No information could be identified on methods of analysis of TTBP-TAZ in environmental or food 
samples. 
5.10.3.  Sources and use  
TTBP-TAZ is sold under a number of trade names and available through several commercial sources 
on the Internet. It is used in HIPS and ABS polymers (Weil and Levchick, 2009).  
TTBP-TAZ is listed in ELINCS (European List of Notified Chemical Substances). It is not classified 
in Annex VI of Regulation (EC) No 1272/2008.
21 
5.10.4.  Environmental fate  
No information could be identified. 
5.10.5.  Hazard identification  
No information could be identified. 
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6.  Overall considerations on emerging and novel BFRs  
In the present opinion the CONTAM Panel evaluated the available information on those BFRs that 
have not been considered in earlier opinions on the so-called “Established BFRs”, covering PBBs 
(EFSA,  2010),  PBDEs  (EFSA,  2011a),  HBCDDs  (EFSA,  2011b),  TBBPA  (EFSA,  2011c)  and 
brominated phenols and their derivatives (EFSA, 2012). The less well known and less studied BFRs, 
which  are  the  subject  of  the  current  opinion,  were  grouped  into  two  classes,  referred  to  as  the 
„emerging‟ and the „novel‟ BFRs. Emerging BFRs are defined as chemicals which are applied as 
flame retardants and that have been identified in any environmental compartment, in wildlife, in food 
or in humans. It should be noted that the definition for the emerging BFRs, used in this opinion, does 
not imply that there is evidence for an increasing trend in the concentration of these BFRs in the 
environment, in food or in human samples. Novel BFRs are defined as chemicals applied as flame 
retardants, with confirmed presence in materials and/or goods in concentrations above 0.1 %, but not 
identified in environmental samples, wildlife, food or humans. In total, information on 27 BFRs, of 
which 17 were identified as “emerging” and 10 as “novel”, was collected by the CONTAM Panel, and 
it was noted that the available information varied widely for the various individual BFRs. To identify 
the individual BFRs considered in this opinion, the CONTAM Panel used their common name and the 
respective abbreviation according to the recent publication of Bergman et al. (2012). 
In  general,  there  is  a  lack  of  experimental  data  on  physico-chemical  characteristics  and 
stability/reactivity  for  all  the  emerging  and  novel  BFRs.  This  sometimes  hampered  a  clear 
identification of the compound. In addition, there is a lack of solid information on the current use and 
production volume of all of the emerging and novel BFRs. Regarding the chemical identification in 
food and environmental samples, it was noted that there are no specific analytical methods for many of 
the emerging and novel BFRs. However, several of them are chemically similar to established BFRs, 
indicating that analytical methods applied for these BFRs could also be used for their detection.  
A call for data on the occurrence of BFRs, including emerging BFRs, in food was issued by EFSA in 
December 2009. Two countries, Ireland and the UK, submitted data on 3 emerging BFRs, i.e. BTBPE, 
DBDPE and HBB, covering the years 2006-2008. For BTBPE, only 11 % of the analytical results 
were reported as >LOQ. The maximum UB concentration was observed in the food category “Animal 
and vegetable fats and oil” (0.8 ng/g w.w.), followed by “Milk and dairy products” (0.37 ng/g w.w.) 
and “Fish and other seafood” (0.34 ng/g w.w.). For DBDPE and HBB all reported analytical values 
were  <LOQ.  The  CONTAM  Panel  concluded  that  based  on  these  data  a  meaningful  exposure 
assessment was not possible. 
There was a lack of published data on occurrence of emerging and novel BFRs in food, and where 
there were data, these were far from sufficient to allow for a meaningful exposure assessment.  
Also information on the toxicity of the various BFRs considered in this opinion was in general scarce. 
For 12 BFRs (six emerging and six novel BFRs), no toxicity data could be identified at all. For most 
of  the  remaining  compounds  the  available  information  was  not  sufficient  to  perform  a  hazard 
characterisation.  Exceptions  were  the  emerging  BFR  TDBPP  (Section  4.17.)  and  the  novel  BFR 
DBNPG (Section 5.2.) for which more extensive toxicity data are available. For both compounds, 
convincing evidence for genotoxicity and carcinogenicity in experimental models has been provided.   
Due  to  the  very  limited  available  information,  either  on  occurrence  or  with  respect  to  their 
toxicological hazards, the CONTAM Panel concluded that it was not possible to perform a meaningful 
risk characterisation for any of the emerging or novel BFRs considered in this opinion. Therefore, the 
Panel made an attempt to identify those emerging or novel BFRs that could be a potential health 
concern and should be considered first for future investigations. For this purpose, the Panel followed a 
two-step approach. First, it evaluated the available experimental data on occurrence in food, behaviour 
in the environment and toxicity. For the evaluation of the toxic effects the Panel focussed on serious 
effects  such  as  developmental  effects  or  carcinogenicity.  See  Tables  29  and  30  for  the  relevant Emerging and Novel BFRs in Food 
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information on respectively emerging and novel BFRs. Secondly, a modelling exercise was performed 
focussing on the potential of the emerging and novel BFRs for persistence in the environment and for 
their  possible  bioaccumulative  potential.  The  modelling  exercise  and  its  results  are  described  in 
Appendix B. 
From the toxicological information it is evident that two BFRs, TDBPP and DBNPG, are genotoxic 
and carcinogenic, and therefore could be a potential health concern. However, due to their chemical 
reactivity  and  lack  of  environmental  persistence,  their  occurrence  in  food  is  not  anticipated.  The 
limited data that are available support this assumption. Also in the modelling exercise neither of these 
two compounds were predicted to have a high overall persistence or the potential for bioaccumulation. 
Nonetheless,  their  evident  genotoxicity  and  carcinogenicity  warrants  further  surveillance  of  their 
possible occurrence in the environment and food. 
Based on the limited experimental data on the environmental behaviour available, BTBPE (Section 
4.2) and HBB (section 4.7) were identified as compounds that could raise a concern due to their 
reported bioaccumulation factors (BAFs). Wu et al. (2011) calculated log BAFs, ranging from about 
3.3 to 6.1 for BTBPE, and from 3.3 to 5.5 for HBB, for several aquatic species, indicating a very high 
bioaccumulation of these compounds.  
For the modelling exercise the CONTAM Panel selected two environmental characteristics, overall 
persistence (Pov) and the potential for bioaccumulation, as the ones most relevant to provide insight 
into the possibility that emerging or novel BFRs might accumulate in the food chain, and thus might 
appear in food intended for human consumption. The modelling exercise (see Appendix B) predicted 
the following BFRs to have both a high overall persistence (Pov >500 days) and a high potential for 
bioaccumulation: BTBPE, DBHCTD, EBTEBPI, HBB, HBCYD, HCTBPH, PBT, PBB-Acr, PBEB 
and TBX. These BFRs are thus most relevant to be addressed in further investigations. All of these 
compounds, with the exception of EBTEBPI and HBCYD, have been identified in the environment or 
in food, and hence are listed as emerging BFR.  
The CONTAM Panel noted, however, that the results of the modelling exercise should be interpreted 
with  some  caution.  The  modelled  environmental  characteristics  are  solely  based  on  the  chemical 
properties of the compounds, and the bioaccumulation screening tool that was used does not yet take 
biotransformation into account. On the other hand, in a model validation exercise, good agreement 
was found between predicted and measured concentrations of polychlorinated biphenyls for cows‟ 
milk, beef, herring, cod, and human tissue in southern Sweden (McLachlan et al., 2011). Also several 
of the compounds predicted to have a high persistence have also been reported to have this property 
(Andersson et al., 2006). A BFR which is most difficult to assess here is PBB-Acr, because of the lack 
of experience with similar BFRs. 
Assessing the outcome of the modelling exercise, a number of comments can be made. TTBNPP was 
predicted  to  have  a  high  persistence,  but  this  compound  is  likely  to  rapidly  undergo  metabolic 
breakdown in vivo (Nomeir and Matthews, 1983, as cited in NICNAS, 2005), and is thus not expected 
to be bioaccumulative. When it comes to bioaccumulation, the modelling exercise predicted that 11 of 
the BFRs with a high predicted persistence would also have a high potential for bioaccumulation. 
Among those with a predicted high persistency that were not indicated as bioaccumulative it should be 
noted that DBDPE and OBTMPI are likely to be bioaccumulative, because their molecular mass is not 
high  enough  to  prevent  bioavailability.  It  can  also  be  speculated  that  4‟-PeBPO-BDE208,  with  a 
molecular  weight  of  1  366  Dalton,  is  poorly  bioavailable,  and  therefore  not  potentially 
bioaccumulative.  
Although  the  modelling,  as  used  in  this  opinion  to  estimate  the  environmental  characteristics  of 
emerging  and  novel  BFRs,  could  be  further  improved,  particularly  related  to  inclusion  of 
biotransformation  in  the  bioaccumulation  screening  tool,  the  CONTAM  Panel  concluded  that  the 
modelling presents overall reasonable results, and that the BFRs predicted as being both persistent and 
bioaccumulative should be subjected to further in-depth studies.   Emerging and Novel BFRs in Food 
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Table 29:   Overview of relevant experimental data for the emerging brominated flame retardants considered in this opinion.
(a) Blank cells represent lack of 
information. 
SUBSTANCE  Production  Environmental 
persistence
(a) 
Bioaccumulation 
Potency
(a)  Occurrence 
Reproductive and 
developmental toxicity 
Genotoxicity/ 
carcinogenicity 
Environ.  Mammals  Biota/ 
wildlife  Food  Human samples 
BEH-TEBP 
Section 4.1.  No info EU   
Low 
(MW ≈ 700 
Da) 
         
DNA strand 
breaks 
(Firemaster) 
BTBPE  
Section 4.2.  LPV  Pov>500 days  Log BAF 
3.3-6.1  High  <3 ng/g fat  <4 ng/g fat  Plasma (SE) 
<1.3 ng/g fat 
No hatching effects 
(chicken) 
Not mutagenic in 
Ames test and S. 
cerevisiae 
DBDPE 
Section 4.3.  LPV  Pov>500 days 
Low 
(MW > 700 
Da) 
Unclear  <1 ng/g fat  Up to 7 ng/g fat  Plasma (SE) 
<1 ng/g fat 
No developmental or 
teratogenic effects (rats), 
depressed hatching (fish) 
Not mutagenic in 
Ames test, CHL cells 
DBE-DBCH 
Section 4.4.        High  <1 ng/g w.w.        Mutagenic in mouse 
lymphoma cells 
DBHCTD  
Section 4.5.    Pov>500 days    High        No hatching effects 
(chicken)   
EH-TBB  
Section 4.6.        High  Up to 70 
ng/g fat       
DNA strand 
breaks 
(Firemaster) 
HBB  
Section 4.7.  No info EU  Pov>500 days  Log BAF 
3.3-5.5  High  0.1-4 
ng/g w.w. 
Up to 5 
ng/g fat 
Serum (CHINA) 
0.05 ng/g fat 
Milk (JP) 0.27-
0.46 
ng/g fat 
Not teratogenic (rats)  Not mutagenic in 
Ames test  
HCTBPH 
Section 4.8.    Pov>500 days    High           
OBTMPI  
Section 4.9.    Pov>500 days               
PBB-Acr 
Section 4.10.    Pov>500 days    High           
PBEB  
Section 4.11.  LPV  Pov>500 days  Log BAF 
2.7-4.1  High  <0.1 ng/g w.w.  <10 ng/g fat 
Serum (CHINA) 
<LOD 0.01 
ng/g fat 
  Not mutagenic in 
Ames test Emerging and Novel BFRs in Food 
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Table 29:   Continued. 
SUBSTANCE  Production  Environmental 
persistence
(a) 
Bioaccumulation 
Potency
(a)  Occurrence 
Reproductive and 
developmental toxicity 
Genotoxicity/ 
carcinogenicity 
Environ.  Mammals  Biota/ 
wildlife  Food  Human samples 
PBT  
Section 4.12.  LPV  Pov>500 days 
BCF = 270 
Log BAF 
2.0-4.8 
High  <0.2 ng/g w.w.      No foetotoxicity (rats)  Not mutagenic in 
Ames test 
TBNPA  
Section 4.13.                  Mutagenic in Ames test  
(with metabolic act.) 
TDBP-TAZTO 
Section 4.14.                Depressed hatching (fish)   
TBCO 
Section 4.15.        High  <LOQ 
(not stated)         
TBX  
Section 4.16.    Pov>500 days    High    <1 ng/g fat       
TDBPP  
Section 4.17.                 
Mutagenic in bacterial 
and mammalian cells, 
chromosomal 
aberrations in vitro and 
in vivo. Kidney tumours 
in male rats and mice. 
BEH-TEBP:  Bis(2-ethylhexyl)  tetrabromophthalate;  BTBPE:  1,2-Bis(2,4,6-tribromophenoxy)ethane;  DBDPE:  Decabromodibenzyl  ether;  DBE-DBCH:  4-(1,2-Dibromoethyl)-1,2-
dibromocyclohexane;  DBHCTD:  5,6-Dibromo-1,10,11,12,13,13-hexachloro-11-tricyclo[8.2.1.02,9]tridecene;  EH-TBB:  2-Ethylhexyl  2,3,4,5-tetrabromobenzoate;  HBB:  Hexabromobenzene; 
HCTBPH:  1,2,3,4,7,7-Hexachloro-5-(2,3,4,5-tetrabromophenyl)-bicyclo[2.2.1]hept-2-ene;  OBTMPI:  Octabromotrimethylphenyl  indane;  PBB-Acr:  Pentabromobenzyl  acrylate;  PBEB: 
Pentabromoethylbenzene; PBT: Pentabromotoluene; TBNPA: 2,2,2-Tris(bromomethyl)ethanol; TBCO: 1,2,5,6-Tetrabromocyclooctane; TBX: 1,2,4,5-Tetrabromo-3,6-dimethylbenzene; TDBP-
TAZTO: 1,3,5-tris(2,3-dibromopropyl)-1,3,5-triazine-2,4,6-trione; TDBPP: Tris(2,3-dibromopropyl) phosphate;  
BAF: bioaccumulation factor; BCF: bioconcentration factor; CHL: Chinese hamster lung; EU: European Union; JP: Japan; LOD: limit of detection; LOQ: limit of quantification; LPV: low 
production volume; MW: molecular weight; Pov: overall persistence; SE: Sweden. 
(a):  Information in italics is based on the modelling outcome (Appendix B).   
 Emerging and Novel BFRs in Food 
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Table 30:    Overview of relevant experimental data for the novel BFRs considered in this opinion.
(a) Blank cells represent lack of information. 
SUBSTANCE  Production  Environmental 
persistence
(a) 
Bioaccumulation 
Potency
(a)  Occurrence  Reproductive and 
developmental toxicity 
Genotoxicity/ 
carcinogenicity 
Environ.  Mammals  Biota/wildlife  Food  Human samples 
BDBP-TAZTO 
Section 5.1.                    
DBNPG  
Section 5.2.                Impaired reproduction 
(mice) 
Mutagenic in Ames test 
and in CHO cells,  
and in vivo.  
Increased tumor 
incidence in male and 
female rats and mice. 
DBP-TAZTO  
Section 5.3.                   
DBS  
Section 5.4.        High           
EBTEBPI 
Section 5.5.    Pov>500 days    High        No effects in rats  
(highest dose) 
Not mutagenic in 
Ames test.  
HBCYD  
Section 5.6.    Pov>500 days    High           
HEEHP-TEBP  
Section 5.7.                  Not mutagenic in Ames 
test and S. Cerevisae. 
4'-PeBPO-BDE208  
Section 5.8.    Pov>500 days               
TTBNPP  
Section 5.9.    Pov>500 days               
TTBP-TAZ  
Section 5.10.    Pov>500 days               
BDBP-TAZTO: 1,3-bis(2,3-dibromopropyl)-5-allyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione; DBNPG: . 2,2-Bis(bromomethyl)-1,3-propanediol; DBP-TAZTO: 1-(2,3-dibromopropyl)-3,5-diallyl-
1,3,5-triazine-2,4,6(1H,3H,5H)-trione;  DBS:  Dibromostyrene;  EBTEBPI:  N,N'-Ethylenebis(tetrabromophthalimide);  HBCYD:    Hexabromocyclodecane;  HEEHP-TEBP:  2-(2-
Hydroxyethoxy)ethyl  2-hydroxypropyl  3,4,5,6-tetrabromophthalate;  4'-PeBPO-BDE208:  Tetradecabromo-1,4-diphenoxybenzene;  TTBNPP:  Tris[3-bromo-2,2-bis(bromomethyl)propyl] 
phosphate; Pov: overall persistence; CHO: Chinese hamster ovary. 
(a):  Information in italics is based on the modelling outcome (Appendix B).   Emerging and Novel BFRs in Food 
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7.  Uncertainty 
The CONTAM Panel concluded that the magnitude of the uncertainties due to the lack of occurrence 
and  exposure  data,  and  toxicological  dose-response  information  precludes  a  meaningful  risk 
assessment for emerging and novel brominated flame retardants in food. 
In order to identify those emerging or novel BFRs that could be a potential health concern and should 
be considered first for future investigations, the CONTAM Panel performed a modelling exercise 
focussing on the potential of the emerging and novel BFRs for persistence in the environment and for 
their possible bioaccumulative potential. The modelling exercise identified a number of BFRs that 
were  predicted  to  have  both  a  high  overall  persistence  and  a  high  potential  for  bioaccumulation. 
However, the CONTAM Panel noted that these findings should be interpreted with some caution as 
the  modelled  environmental  characteristics  are  solely  based  on  the  chemical  properties  of  the 
compounds, and the bioaccumulation screening tool that was used does not yet take biotransformation 
into account. 
CONCLUSIONS AND RECOMMENDATIONS 
CONCLUSIONS 
  There  is  a  lack  of  solid  information  on  the  current  use  of  any  of  the  brominated  flame 
retardants (BFRs) considered in the current opinion, referred to as emerging and novel BFRs, 
and on their respective production volume.  
  In  general,  there  is  a  lack  of  experimental  data  on  physico-chemical  characteristics  and 
stability/reactivity for all the emerging and novel BFRs. 
  There are no specific analytical methods for many of the emerging and novel BFRs. However, 
several of them are chemically similar to established BFRs, enabling the use of established 
chemical analytical methods for their detection. 
  The environmental fate of the emerging BFRs is poorly known and when data exist they are 
anecdotal, while for the novel BFRs there are almost no data regarding their environmental 
fate. 
  Following an EFSA call for data, a total of 642 analytical results covering three emerging 
BFRs (215 for 1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE), 212 for decabromodiphenyl 
ethane (DBDPE) and 215 for hexabromobenzene (HBB) were submitted by two European 
countries, covering the period 2006-2008. 
  For BTBPE, only 11 % of the analytical results were reported as >LOQ. The maximum UB 
concentration was observed in the food category “Animal and vegetable fats and oil” (0.8 ng/g 
w.w.), followed by “Milk and dairy products” (0.37 ng/g w.w.) and “Fish and other seafood” 
(0.34 ng/g w.w.).  
  For DBDPE and HBB all analytical results were reported as <LOQ.  
  In general, for all emerging and novel BFRs there is a lack of basic information on their 
occurrence in food, and in human samples, including human milk. 
  There is lack of information on toxicokinetics and toxicodynamics for nearly all emerging and 
novel BFRs.  
  With a few exceptions there are almost no data regarding toxicity of the emerging and novel 
BFRs. Emerging and Novel BFRs in Food 
 
EFSA Journal 2012;10(10):2908  105 
  For 2,2-bis(bromomethyl)-1,3-propanediol (DBNPG) and tris(2,3-dibromopropyl) phosphate 
(TDBPP)  there  is  convincing  experimental  evidence  for  genotoxicity  and  carcinogenicity. 
Neither compound was quantified in environmental samples.  
  There are no epidemiological data for the emerging and novel BFRs. 
  There is insufficient information for a meaningful risk assessment of any of the emerging and 
novel BFRs 
  The modelling exercise (EPI Suite
TM) on the emerging and novel BFRs considered in this 
opinion  indicates  that  the  majority  of  them  have  the  potential  to  be  persistent  and 
bioaccumulative. 
RECOMMENDATIONS  
  Information on production volumes and relevant uses of emerging and novel BFRs is needed.   
  Analytical  methods  for  the  determination  of  emerging  and  novel  BFRs  should  be  further 
developed. Authentic reference standards and certified reference materials need to be made 
available.  
  Information on occurrence of emerging and novel BFRs in food is required, in particular for 
DBNPG and TDBBP, which were identified as being both mutagenic and carcinogenic. 
  For  those  emerging  and  novel  BFRs  with  the  highest  persistence  and  bioaccumulation 
potential  as  indicated  by  the  EPI  Suite
TM  modelling  software  the  following  preliminary 
approach is proposed: 
-  Monitor concentrations in the food and feed chain, and in human samples (i.e. milk and 
blood).  
-  Investigate their potential genotoxic effects. 
-  Screen them for relative potency in vitro (or in silico if suitable validated systems exist) 
for  main  molecular  targets  (such  as  estrogen  receptor,  constitutive  androgen  receptor, 
arylhydrocarbon receptor and peroxisome proliferator-activated receptors) as identified for 
other BFRs, and identify potential targets for mammalian toxicity. 
-  On basis of the above, prioritise them for further toxicity testing and identify the most 
appropriate test strategy. 
  Modelling and/or in silico methods should be further improved and developed in general in 
order to facilitate a risk assessment in the absence of experimental data. 
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APPENDICES  
A.  BFRS NOT FURTHER CONSIDERED IN THIS OPINION  
Based  on  the  scientific  experience  that  anhydrides,  benzylbromides  and  benzylchlorides  easily 
undergo  hydrolysis,  occurrence in  the  environment  is  not anticipated  and  therefore  these reactive 
BFRs are not considered of relevance as possible food contaminants. 
A.1. Tetrabromophthalic acid anhydride (TEBP-Anh) 
Some chemical characteristics and common names for TEBP-Anh are given in Table A1. The non-
brominated phthalic acid anhydride is known to hydrolyze very rapidly (i.e. in a minute) (Andres et 
al.,  2001).  The  brominated  counterpart,  TEBP-Anh,  has  four  electron  withdrawing  bromine 
substituents making the carbonyl carbons more electrophilic than in the non-brominated anhydride. 
This  implies  faster  hydrolysis  rates  for  TEBP-Anh  than  for  the  phthalic  acid  anhydride  and 
accordingly not persistent and bioaccumulative at all.  
Table A1:  Chemical structure and some physico-chemical characteristics of Tetrabromophthalic acid 
anhydride. 
Chemical structure 
 
PRAB 
STAB  
Previous abbreviations 
TEBP-Anh 
TeBPht-Anh 
TBPA 
IUPAC name  4,5,6,7-Tetrabromo-1,3-isobenzofurandione 
Common names 
 
Phthalic anhydride, tetrabromo- (6CI,7CI,8CI),  4,5,6,7-
Tetrabromobenzofuran-1,3-dione 
4,5,6,7-Tetrabromoisobenzofuran-1,3-dione 
Tetrabromophthalic acid anhydride 
Tetrabromophthalic anhydride 
Trade names 
Bromphthal; FG 4000; FireMaster PHT 4; NSC 4874; PHT 4; Saytex
® RB 
49 
CAS No  632-79-1 
MW  463.70 
Log Kow  3.70 
Koc  2 450 
Vapour pressure (Torr)  9.54 × 10
-12 
 
O 
O 
O 
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A2. Pentabromobenzyl chloride (PBBC) 
Some chemical characteristics and common names for PBBC are given in Table A2. According to the 
ECHA website PBBC is not listed as a pre-registered or registered substance.
33 
Table  A2:  Chemical  structure  and  some  physico-chemical  characteristics  of  pentabromobenzyl 
chloride. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
PBBC 
PeBBnC 
- 
IUPAC name  1,2,3,4,5-Pentabromo-6-(chloromethyl)-benzene  
Other common names  2,3,4,5,6-Pentabromobenzyl chloride 
Trade names  No trade names could be identified 
CAS No  58495-09-3 
MW  521.06 
Log Kow  5.95 
Koc  41 300 
Vapour pressure (Torr)  6.48 × 10
-8 
  
                                                       
33   European Chemicals Agency (ECHA, www.echa.europa.eu) (last time accessed on 19.09.2012). 
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A.3. Pentabromobenzyl bromide (PBBB) 
Some chemical characteristics and common names for PBBB are given in Table A3. According to the 
ECHA website, PBBB is listed as a pre-registered substance.
33 
Table  A3:  Chemical  structure  and  some  physico-chemical  characteristics  of  pentabromobenzyl 
bromide. 
Chemical structure 
 
PRAB 
STAB 
Previous abbreviations 
PBBB 
PeBBnB 
PBBB 
IUPAC name  1,2,3,4,5-Pentabromo-6-(bromomethyl)-benzene  
Other common names  2,3,4,5,6-Pentabromobenzyl bromide 
Trade name 
 
No trade names could be identified 
CAS No   38521-51-6 
MW  565.51 
Log Kow  6.22 
Koc  57 400 
Vapour pressure (Torr)  3.19 × 10
-8 
 
Yang et al. (2012) reported that PBBB has been  identified in a few sediment samples from Lake 
Superior and Lake Michigan at concentrations ranging from 0.02 to 0.08 ng/g dry weight. However, 
the CONTAM Panel noticed ambiguities concerning the  identification and  analysis which are not 
adequately addressed and/or clarified by the authors. 
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B.  EPI SUITE 
TM ASSESSMENT 
About EPI Suite™ 
The  software,  EPI  Suite™,  calculates  physical/chemical  and  environmental  fate  properties  of 
chemicals based on their structure, and runs environmental fate models. The program is provided by 
the  US-EPA  and  can  be  used  and  downloaded  for  free  from 
http://www.epa.gov/oppt/exposure/pubs/episuite.htm.  The  program  is  a  screening-level  tool  and 
should not be used if acceptable measured values are available. 
The program uses information on the chemical structure of the chemical of interest in the form of 
SMILES codes (Simplified Molecular Input Line Entry System). SMILES is a simplified chemical 
notation that allows a user to represent a two-dimensional chemical structure in linear textual form. 
The program has a built in database containing experimental data on >40 000 chemicals. If applicable, 
these data are used in preference to estimated property data. In the absence of empirical information 
on  physical-chemical  properties,  the  EPI  Suite™    runs  the  following  estimation  programs: 
KOWWIN™,  AOPWIN™,  HENRYWIN™,  MPBPWIN™,  BIOWIN™,  BioHCwin,  KOCWIN™, 
WSKOWWIN™, WATERNT™, BCFBAF™, HYDROWIN™, KOAWIN and AEROWIN™. The 
models WVOLWIN™, STPWIN™ and LEV3EPI™, which are also included in EPI Suite
TM, predict 
the environmental fate, and the model ECOSAR™ estimates the ecotoxicity. EPI Suite is primarily a 
tool to assess physicochemical properties. Chemical reactivity under environmental conditions can 
also be estimated, but the estimation algorithms are less well established in the model. 
EPI  Suite™  data  has  been  used  in  numerous  peer  reviewed  articles  as  well  as  in  reports  from 
governmental agencies. The use of EPI Suite is also endorsed in guidance documents, provided by 
ECHA, regarding chemical safety assessment within the REACH legislation. 
Data output from EPI Suite 
No information other than the SMILES codes is needed as input for the EPI Suite
TM program. The 
output from the program is provided in a text file that contains data from all the models. For the 
purpose of this exercise, the following parameters were extracted: molecular weight (MW), vapor 
pressure  (VP),  log  octanol-water  partition  coefficient  (Kow),  log  air-water  partition  coefficient  or 
Henry‟s law constant (Kaw), log octanol-air partition coefficient (Koa) and the soil log organic carbon-
water partition coefficient (Koc). 
In addition to the above, data from the BCFBAF model, which estimates bio-concentration factor for 
fish, and from the LEV3EPI™ were extracted. The latter program is a multimedia fugacity model that 
predicts  partitioning  of  chemicals  among  air,  soil,  sediment  and  water  under  different  emission 
scenarios at steady state condition in a default model „environment‟. 
Use of output data   
OECD tool for assessing long range transport 
The overall environmental persistence (Pov) and the long range transport potential (LRTP)  of the 
emerging and novel BFRs were modeled using property data estimated by EPI Suite
TM and the OECD 
Pov and LRTP Screening Tool (OECD, 2006). The aim of the program is to enable identification of 
chemicals with intrinsic properties that will lead to unacceptable environmental behaviour, before 
extensive  toxicological  assessments  are  performed.  For  more  details  see  Wegman  et  al.  (2009). 
Briefly, the model computes steady-state solutions for the mass balance of chemicals in a model 
environment  with  characteristics  representing  the  global  environment.  The  model  environment 
consists of three bulk compartments (soil surface layer, seawater surface layer and the troposphere) 
that are further divided into sub compartments. Equilibrium partitioning is assumed between the sub 
compartments within each bulk compartment.  Emerging and Novel BFRs in Food 
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The parameters needed to run the model are estimated degradation half-lives in air, water and soil, and 
partitioning coefficients log Kaw and log Kow. Three different hazard metrics are calculated as the 
primary results of the OECD Tool (see also Wegman et al., 2009): 
-  The overall persistence (Pov) (days) is the time that is required for the amount of a chemical 
to fall 37 % of the initial value when it is distributed at steady-state between air, water and 
soil. The maximum Pov value from calculations for emissions to air, water and soil is chosen 
as a conservative estimate of persistence. 
-  The characteristic travel distance (CTD) (kilometers) is a long range transport indicator that 
quantifies the distance from the source of emission to where the concentration has dropped to 
37 % of the initial value. Only emission into air and water is calculated by the OECD Tool 
(soil is not considered to be mobile). Reduction of the initial concentration occurs by loss 
processes, e.g. degradation and net transfer to other media.  
-  The transfer efficiency (TE) (%) is a target-oriented long range transport indicator that focuses 
on how much of a chemical is transported out of the region where emissions occur and is 
deposited from the atmosphere to the surface in a target or receptor region. It is expressed in 
percent, and can exceed 100 % for chemicals that cycle repeatedly between the surface and the 
atmosphere. 
For the purpose of this exercise, the relevant values (estimated degradation half-lives in air, water and 
soil, the log Kaw and the log Kow) were obtained for the different compounds from the EPI Suite™ 
runs, and were entered in the OECD tool to perform the modeling. A graphic display of the results can 
be seen in Figure B1. Only the Pov is considered in this opinion.  
The chemicals that are furthest to the right are identified as the ones with the highest persistence (>500 
days), i.e. 1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE), decabromodiphenyl ethane (DBDPE), 5,6-
dibromo-1,10,11,12,13,13-hexachloro-11-tricyclo[8.2.1.02,9]tridecene  (DBHCTD),  N,N'-
ethylenebis(tetrabromophthalimide) (EBTEBPI), hexabromobenzene (HBB), hexabromocyclodecane 
(HBCYD),    1,2,3,4,7,7-hexachloro-5-(2,3,4,5-tetrabromophenyl)-bicyclo[2.2.1]hept-2-ene 
(HCTBPH),  octabromotrimethylphenyl  indane  (OBTMPI),  pentabromoethylbenzene  (PBEB), 
pentabromobenzyl  acrylate  (PBB-Acr),  pentabromotoluene  (PBT),  tetradecabromo-1,4-
diphenoxybenzene  (4'-PeBPO-BDE208),  1,2,4,5-tetrabromo-3,6-dimethylbenzene  (TBX),  tris[3-
bromo-2,2-bis(bromomethyl)propyl] phosphate (TTBNPP) and tris(2,4,6-tribromophenoxy)-s-triazine 
(TTBP-TAZ). These chemicals are all exhibiting overall persistence values >500 days. The use of this 
value as a cut-off for persistence of concern has been adopted by the CONTAM Panel from the 
approach used in the SFT report (SFT, 2009). 
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Legend: LRTP: long range transport potential; Pov: overall persistence; TE: transfer efficiency 
Figure B1:  Result from the OECD program, transfer efficiency (TE, in %) and overall persistence 
(Pov, in days) of the emerging and novel BFRs considered in this opinion. 
Potential for bioaccumulation 
To  identify  chemicals  with  the  highest  potential  for  bioaccumulation  into  humans,  the  screening 
method suggested by McLachlan et al. (2011) was used. This screening method is a graphical analysis 
that is based on results of an environmental fate and food-web transfer model. The criteria to screen 
for bioaccumulation potential into humans are: 
-  Log  Kow  between  3  and 11.  Chemicals  with  Log  Kow  < 3  are  water  soluble,  and  will  be 
eliminated and excreted by animals  and humans, and, therefore are unlikely to  have high 
potential  for  bioaccumulation.  Chemicals  with  Log  Kow  > 11  are  not  likely  to  easily  be 
absorbed through membranes into the bodies of animals or humans, and therefore are unlikely 
to have a high potential for bioaccumulation. 
-  Metabolism rate constant (Km < 1 day
-1), which can be calculated by the following equation:  
Km = ln2 / T½ 
-  In  this  application,  the  estimated  half-life  (T½,  days)  was  taken  from  the  EPI  Suite
TM‟s 
estimated  metabolic  biotransformation  half-life  in  fish.  Comparable  predictive  models  for 
biotransformation by mammals are not currently available. Chemicals with Km >1 day
-1 are 
not likely to be bioaccumulative, because they are biotransformed and presumably excreted. 
The result from the bioaccumulation screening is depicted in Figure B2. The BFRs having a high 
potential for bioaccumulation according to the two heuristic rules are indicated in the box in the Figure 
B2, and are: BTBPE, DBE-DBCH, DBHCTD, DBS, EBTEBPI, EH-TBB, HBB, HBCYD, HCTBPH, 
PBB-Acr, PBEB, PBT, TBCO and TBX. Emerging and Novel BFRs in Food 
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Legend:  1,2-Bis(2,4,6-tribromophenoxy)ethane  (BTBPE),  4-(1,2-Dibromoethyl)-1,2-dibromocyclohexane  (DBE-DBCH), 
5,6-Dibromo-1,10,11,12,13,13-hexachloro-11-tricyclo[8.2.1.02,9]tridecene  (DBHCTD),  Dibromostyrene  (DBS),  N,N'-
Ethylenebis(tetrabromophthalimide) (EBTEBPI), 2-Ethylhexyl 2,3,4,5-tetrabromobenzoate (EH-TBB), Hexabromobenzene 
(HBB),  Hexabromocyclodecane  (HBCYD),  1,2,3,4,7,7-Hexachloro-5-(2,3,4,5-tetrabromophenyl)-bicyclo[2.2.1]hept-2-ene 
(HCTBPH), Pentabromobenzyl acrylate (PBB-Acr), Pentabromoethylbenzene (PBEB), Pentabromotoluene (PBT), 1,2,5,6-
Tetrabromocyclooctane (TBCO) and 1,2,4,5-Tetrabromo-3,6-dimethylbenzene (TBX). 
Figure B2:  Potential for bioaccumulation. The chemicals within the square are the ones most likely to 
bioaccumulate. 
Out of the 28 chemicals listed as emerging or novel BFRs in this opinion, 16 could be predicted to 
have a high overall persistence and 15 to have potential for bioaccumulation into humans (Table B1). 
As a preliminary prioritization it can be suggested to identify the BFRs having both a high overall 
persistence and a potential for bioaccumulation as those being most relevant for further investigations. 
These  are:  BTBPE,  DBHCTD,  EBTEBPI,  HBB,  HBCYD,  HCTBPH,  PBT,  PBB-Acr,  PBEB  and 
TBX. All of these compounds, with the exception of EBTEBPI and HBCYD, have been identified in 
the environment or in food, and hence are listed as Emerging BFRs. Emerging and Novel BFRs in Food 
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Table B1:   Chemicals that according to the modeling exercise are predicted as having a high overall 
persistence and a high potential for bioaccumulation. 
High Overall persistence (Pov) 
(a)  High potential for bioaccumulation  
(a) 
4'-PeBPO-BDE208 
BTBPE 
DBDPE 
DBHCTD 
EBTEBPI 
HBB 
HBCYD 
BTBPE 
DBE-DBCH  
DBHCTD 
DBS 
EBTEBPI 
EH-TBB  
HBB  
HCTBPH 
OBTMPI 
PBB-Acr 
PBEB 
PBT 
TBX  
HBCYD 
HCTBPH 
PBB-Acr 
PBEB 
PBT  
TBCO 
TTBNPP   TBX  
TTBP-TAZ    
4'-PeBPO-BDE208:  Tetradecabromo-1,4-diphenoxybenzene;  BTBPE:  1,2-Bis(2,4,6-tribromophenoxy)ethane;  DBDPE: 
Decabromodiphenyl  ethane;  DBE-DBCH:  4-(1,2-Dibromoethyl)-1,2-dibromocyclohexane;  DBHCTD:  5,6-Dibromo-
1,10,11,12,13,13-hexachloro-11-tricyclo[8.2.1.02,9]tridecene;  DBS:  Dibromostyrene;  EBTEPBI:  N,N'-
Ethylenebis(tetrabromophthalimide);  EH-TBB:  2-Ethylhexyl  2,3,4,5-tetrabromobenzoate;  HBB:  Hexabromobenzene; 
HBCYD:  Hexabromocyclodecane;  HCTBPH:  1,2,3,4,7,7-Hexachloro-5-(2,3,4,5-tetrabromophenyl)-bicyclo[2.2.1]hept-2-
ene;  OBTMPI:  Octabromotrimethylphenyl  indane;    PBB-Acr:  Pentabromobenzyl  acrylate;  TBCO:  1,2,5,6-
Tetrabromocyclooctane;  TBX:  1,2,4,5-Tetrabromo-3,6-dimethylbenzene;  TTBNPP:  Tris[3-bromo-2,2-
bis(bromomethyl)propyl] phosphate; TTBP-TAZ: Tris(2,4,6-tribromophenoxy)-s-triazine. 
(a):  The chemicals are listed in no particular order regarding their persistence or bioaccumulation potential. 
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ABBREVIATIONS  
4'-PeBPO-BDE208    Tetradecabromo-1,4-diphenoxybenzene   
ABS        Acrylonitrile butadiene styrene 
AhR        Arylhydrocarbon receptor 
ALD        Approximate lethal doses 
APCI        Atmospheric pressure chemical ionization 
AR        Androgen receptor 
BAF        Bioaccumulation factor 
BBPP        Bis(2,3-dibromopropyl) phosphate 
BCF        Bioconcentration factor 
BDBP-TAZTO   1,3-Bis(2,3-dibromopropyl)-5-allyl-1,3,5-triazine-2,4,6(1H,3H,5H)-
trione   
BEH-TEBP      Bis(2-ethylhexyl) tetrabromophthalate   
BFR        Brominated flame retardant 
BMF        Biomagnification factor 
BTBPE       1,2-Bis(2,4,6-tribromophenoxy)ethane    
b.w.        Body weight 
CALUX      Chemically activated luciferase expression  
CAR        Constitutive androgen receptor 
CONTAM Panel    Panel on Contaminants in the Food Chain 
CRM        Certified reference material 
CTD        Characteristic travel distance 
CYP        Cytochrome P-450 
DBDBE      Decabromodibenzyl ether   
DBDPE      Decabromodiphenyl ethane   
DBE-DBCH      4-(1,2-Dibromoethyl)-1,2-dibromocyclohexane   
DBHCTD   5,6-Dibromo-1,10,11,12,13,13-hexachloro-11-
tricyclo[8.2.1.02,9]tridecene   
DBNPG      2,2-Bis(bromomethyl)-1,3-propanediol   
DBP-TAZTO   1-(2,3-dibromopropyl)-3,5-diallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-
trione    
DBS        Dibromostyrene   
DHT        Dihydrotestosterone 
DMSO       Dimethyl sulfoxide 
DHT        Dihydrotestosterone 
DOH        2,6-dioxaspiro[3.3]-heptane 
E2        17β-estradiol 
EBTBPI      N,N'-Ethylenebis(tetrabromophthalimide)   
EC        European Commission 
ECHA        European Chemicals Agency 
ECNI        Electron capture negative ionisation 
EFSA        European Food Safety Authority 
EHD        Empirical half distance Emerging and Novel BFRs in Food 
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EH-TBB      2-Ethylhexyl 2,3,4,5-tetrabromobenzoate   
EI-HRMS      Electron impact-high resolution mass spectrometry 
EPDM        Ethylene propylene-diene terpolymers 
EROD        Ethoxyresorufin-Q-deethylase 
ESI        Electrospray ionisation  
ESIS        European chemical Substances Information System 
EU        European Union 
GC-ECNI-MS   Gas  chromatography-mass  spectrometry  using  electron  capture 
negative ionisation 
GC × GC-TOF-MS   Two-dimensional gas chromatography coupled to time-of-flight mass 
spectrometry 
GD        Gestation day 
GPC        Gel permeation chromatography 
GSH        Glutathione 
HBB        Hexabromobenzene   
HBCDDs      Hexabromocyclododecanes 
HBCYD      Hexabromocyclodecane  
HCTBPH   1,2,3,4,7,7-Hexachloro-5-(2,3,4,5-tetrabromophenyl)-
bicyclo[2.2.1]hept-2-ene    
HEEHP-TEBP   2-(2-Hydroxyethoxy)ethyl 2-hydroxypropyl 3,4,5,6-tetrabromophtalate  
HepG2       Hepatocellular carcinoma cell line 
HIPS        High-impact polystyrene 
i.p.        Intraperitoneal 
IUPAC       International Union of Pure and Applied Chemistry  
Kaw        Air-water partition coefficient (Henry‟s Law Constant) 
Koa        Octanol-air partition coefficient 
Koc        Organic carbon-water partition coefficient 
Kow        Octanol-water partition coefficient 
LC        Liquid chromatography 
LC-APCI-MS  LC  coupled  with  tandem  MS  using  atmospheric  pressure  chemical 
ionisation 
LC-APPI-MS      LC coupled with MS, using atmospheric pressure photo ionisation 
LOD        Limit of detection 
LOQ        Limit of quantification 
LPV        Low production volume 
LRAT        Long-range atmospheric transport 
LRTP        Long range transport potential 
MN        Mirocronucleus 
mRNA       Messenger RNA 
MW        Molecular weight 
NOAEL      No-observed-adverse-effect level 
OBTMPI      Octabromotrimethylphenyl indane   
PBB        Polybrominated biphenyls Emerging and Novel BFRs in Food 
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PBB-Acr      Pentabromobenzyl acrylate   
PBBB        Pentabromobenzyl bromide   
PBBC        Pentabromobenzyl chloride   
PBDEs       Polybrominated diphenyl ethers 
PBEB        Pentabromoethylbenzene   
PBT        Pentabromotoluene   
PCBs        Polychlorinated biphenyls 
PDBS        Poly(dibromostyrene) 
PIC        Prior informed consent 
PLE        Pressurised liquid extraction 
Pov        Overall persistence 
PRAB        Practical abbreviation 
PSA        Prostate specific antigen 
PXR        Pregnane X receptor 
QA        Quality assurance 
QC        Quality control 
QSAR        Quantitative Structure–Activity Relationship 
REACH      Regulation, Evaluation and Authorisation of Chemicals 
SCE        Sister chromatid exchange 
SIM        Selective ion monitoring 
SMILE       Simplified Molecular Input Line Entry System 
SPE        Solid phase extraction 
SPM        Suspended particulate matter 
SRM        Standard reference materials 
STAB        Structural abbreviation 
T        Testosterone 
T3        Triiodothyronine 
T4        Thyroxin 
TTR        Transthyretin 
TBBPA       Tetrabromobisphenol A 
TBCO        1,2,5,6-Tetrabromocyclooctane    
TBCT        2,3,4,5-Tetrabromo-6-chlorotoluene   
TBNPA      2,2,2-Tris(bromomethyl)ethanol   
TBP        2,4,6-tribromophenol 
TBX        1,2,4,5-Tetrabromo-3,6-dimethylbenzene   
TDBPP       Tris(2,3-dibromopropyl) phosphate   
TDBP-TAZTO     1,3,5-tris(2,3-dibromopropyl)-1,3,5-triazine-2,4,6-trione  
TE        Transfer efficiency 
TEBP-Anh      Tetrabromophthalic anhydride   
TTBNPP      Tris[3-bromo-2,2-bis(bromomethyl)propyl] phosphate    
TTBP-TAZ      Tris(2,4,6-tribromophenoxy)-s-triazine    
UK        The United Kingdom 
USA        United States of America Emerging and Novel BFRs in Food 
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UV        Ultraviolet 
VP        Vapor pressure 
w.w.        Wet weight 
WWTP       Waste water treatment plant 
 